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Preface

Food waste occurs in multiple segments of the food supply chain; the 
focus of this report is on the segment comprising food wasted at the 
consumer level—food that was intended for human consumption but 

was discarded by consumers. A widely used statistic indicates that this 
wasted food accounts for one-third of all food purchased by consumers, 
yet, most consumers are not able to estimate their amount of wasted food 
or are likely to underestimate their amount. This waste is obviously associ-
ated with an economic cost to households, but also has environmental and 
social costs that may be less visible to many consumers. 

Although the behavior of individuals is seen as the source of wasted 
food, that behavior is a consequence of various factors within the food 
system that, through their interactions, result in waste. Understanding what 
leads to this loss of usable food requires understanding the factors in the 
food system that impact an individual’s personal behavior and facilitate this 
waste. In particular, wasting food is accepted within the current food sys-
tem. This report, then, poses the question of how the food system could be 
modified to change attitudes and habits and motivate consumers to reduce 
the amount of food they waste. To address this question, it was necessary to 
look beyond what happens at the household level to the drivers that result 
in the overacquisition of food and the choice of highly perishable foods 
rather than nutritionally equivalent shelf-stable options. These behaviors 
have consequences for decisions about storage of food, handling leftovers, 
and timing for utilization of perishable items among many other household 
decisions that can result in waste. Understanding these drivers depends 
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in turn on probing the factors underlying these behaviors, which include 
perceptions of wasted food at the household level; economic factors; and 
food literacy, such as knowledge about food safety, the prevalence of food 
myths, and information on appropriate food preparation and storage. At 
the consumer level, food is likely to be wasted if excess food purchases 
spoil or perish before they can be used, do not match food preferences, or 
consist of items consumers do not have the skills to prepare. In contrast, 
there are ways to reduce what might be wasted, such as using more shelf-
stable food items (e.g., frozen or canned fruits and vegetables), improved 
technology for storage of food items, or food service operators creating 
alternative mechanisms for distributing food inventory that cannot be used 
as originally planned. 

The COVID-19 pandemic emerged as the committee was finalizing this 
report. We realized that the evolving situation associated with this crisis 
illustrates many of the strengths and vulnerabilities of the current food 
system that impact the issue of food waste. Food has been lost before reach-
ing the consumer as a result of disruptions in the transportation system, 
the food service sector, and the labor force responsible for food production 
and processing, as well as the loss of income for many households. These 
disruptions have resulted in the destruction of crops and other commodities 
because they cannot be harvested and utilized as well as food distribution 
systems that were not prepared for the rapid changes in utilization by vari-
ous sectors. It is the committee’s hope that lessons learned about the man-
agement of food availability during the pandemic can be used by those to 
whom the recommendations in this report are addressed and that this time 
also constitutes a teachable moment that provides opportunities to change 
behavior. For example, media articles on understanding date labels have 
been published to help consumers avoid wasting safe, usable food based 
on those labels alone, and the crisis has given many households the oppor-
tunity to be more in touch with food and develop a better understanding 
of its use and household preferences. Such awareness can be a step toward 
reducing food waste. Although some might argue that the issue of wasted 
food has reduced importance during this crisis, the economic cost of such 
waste to consumers should not be ignored. Although the recommendations 
in this report were not developed to respond specifically to this crisis, they 
can be helpful in reducing this cost to consumers. 

In developing this report, the committee was challenged by the limited 
availability of evidence-based strategies for reducing food waste. These 
existing strategies are focused primarily on building awareness and moti-
vation so as to increase intent to reduce food waste rather than providing 
consumers with the opportunity and ability to change their behavior with 
respect to wasted food. However, initiatives to change consumer behavior 
in diverse areas ranging from energy and water conservation to weight 
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management provided the committee with insight into the elements of ef-
fective strategies. By leveraging this total knowledge base, it is possible to 
design and evaluate promising strategies; however, monitoring and long-
term evaluation will be necessary to learn what is effective and why.

The committee’s conclusions and recommendations are not targeted 
simply at consumers but encompass the importance of action by multiple 
stakeholders, including government at all levels, nongovernmental organi-
zations, commercial entities, nonprofit organizations, volunteer organiza-
tions, educational institutions at all levels, and foundations. Actions taken 
by these various stakeholders can give consumers the motivation, oppor-
tunity, and ability to reduce food waste. The report highlights the federal 
initiative Winning on Reducing Food Waste because certain coordinating 
activities are essential to catalyze efforts at other levels within the system. 
At the same time, however, it is abundantly clear that to be effective, pro-
grams must be tailored to local or regional conditions; accordingly, each of 
the pathways discussed in the report identifies roles for actors at all levels. 
By recognizing the importance of all of these stakeholders, the report il-
lustrates addressing food waste at the consumer level, requires considering 
all the factors within the food system that result in such waste to identify 
solutions that can give consumers the motivation, ability, and opportunity 
to reduce this waste at the household level.

In developing this report, the committee received valuable input and 
outstanding support from several sources. We benefited from the infor-
mation and insights presented at our public meetings and appreciate the 
participation of numerous presenters in these sessions (more detailed infor-
mation on the presenters can be found in Appendix A). We were assisted by 
the very able work of Maria Oria (senior program officer, Food and Nutri-
tion Board, National Academies of Sciences, Engineering, and Medicine), 
who was instrumental in the management and development of the report; 
Alice Vorosmarti (associate program officer, Food and Nutrition Board), 
who carefully amassed the articles, reports, and related resources that the 
committee accessed for its work; Tina Latimer (senior program assistant, 
Board on Environmental Change and Society [BECS], National Academies), 
who helped with all logistical needs, Jose Mendoza-Torres (senior librar-
ian, National Academies), who conducted in-depth literature searches; 
Alexandra Beatty (senior program officer, Division of Behavioral and Social 
Sciences and Education [DBASSE], National Academies), who improved the 
organization and formatting of the report; Toby Warden (board director, 
BECS, National Academies) and Monica Feit (deputy executive director, 
DBASSE), who provided valuable input on managing and completing the 
committee’s statement of task; and Ann Yaktine (director, Food and Nu-
trition Board) for her support for and encouragement of this project. We 
also wish to express our appreciation to the study sponsors, the Walmart 
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Foundation and the Foundation for Food and Agriculture Research, for 
their foresight in understanding the importance of this topic in the context 
of the food system.

Finally, as chair of the committee, I am personally grateful to my fellow 
committee members for their commitment to the committee’s work, includ-
ing analysis of a large volume of material, and for their insight as to how 
this information could be used to develop a strategy that would respond to 
the committee’s statement of task within a demanding time line. By exhibit-
ing respect for the opinions of their fellow committee members, working to 
find common ground, and providing constructive input on drafts, they have 
developed a strategy, documented in this report, that reflects the analysis 
and insights of the committee as a whole. It has been a pleasure to work 
with and learn from the entire group.

Barbara O. Schneeman, Chair
Committee on a Systems Approach to Reducing Consumer Food Waste
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Summary

Approximately 30 percent of the edible food produced in the United 
States is wasted and a significant portion of this waste occurs at the 
consumer level. Despite food’s essential role as a source of nutrients 

and energy and its emotional and cultural importance, U.S. consumers 
waste an estimated average of 1 pound of food per person per day at home 
and in places where they buy and consume food away from home. Many 
factors contribute to this waste—consumers behaviors are shaped not only 
by individual and interpersonal factors but also by influences within the 
food system, such as policies, food marketing, and the media. Some food 
waste is unavoidable, and there is substantial variation in how food waste 
and its impacts are defined and measured. But there is no doubt that the 
consequences of food waste are severe: the wasting of food is costly to 
consumers, depletes natural resources, and degrades the environment. In 
addition, at a time when the COVID-19 pandemic has severely strained the 
U.S. economy and sharply increased food insecurity, it is predicted that food 
waste will worsen in the short term because of both supply chain disrup-
tions and the closures of food businesses, which affect the way people eat 
and the types of food they can afford. 

Many factors influence food waste in the United States. Researchers, 
nongovernmental organizations, federal agencies, and others have focused 
on reducing food waste, yet relatively little attention and coordination have 
focused on supporting the consumer in reducing food waste. To build on 
what has been learned, the Walmart Foundation and the Foundation for 

1
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Food and Agriculture Research (FFAR)1 provided funding to the National 
Academies of Sciences, Engineering, and Medicine to conduct a consensus 
study of ways to reduce U.S. food waste at the consumer level. 

To carry out this study, the National Academies convened the Com-
mittee on a Systems Approach to Reducing Consumer Food Waste, whose 
members brought expertise in food waste, psychology and marketing, soci-
ology, public health, nutrition, behavioral economics, food systems, urban 
planning, intervention design, and implementation science. The committee 
was charged with reviewing pertinent research from the social and behav-
ioral sciences; identifying strategies for changing consumer behavior, tak-
ing into account interactions and feedbacks within the food system; and 
developing a strategy for addressing the challenge of reducing food waste 
at the consumer level from a holistic, systems perspective. 

The committee explored the reasons food is wasted in the United States, 
including the characteristics of the complex systems through which food 
is produced, marketed, and sold, as well as the many other interconnected 
influences on consumers’ conscious and unconscious choices about pur-
chasing, preparing, consuming, storing, and discarding food. Based on its 
review of evidence about what drives consumer behaviors and the efficacy 
of interventions designed to alter those behaviors, the committee identified 
a strategy for reducing food waste at the consumer level, as well as the 
research needed to support this strategy and future progress. The dramatic 
effects of COVID-19 on food supply chain operations and consumers’ 
behaviors may exacerbate many problems associated with food waste, and 
also present new opportunities; the strategy presented here is broad and 
adaptable to changing circumstances.

FOUNDATION FOR THE STRATEGY

The body of research that specifically addresses consumer food waste 
is limited and emerging, so the committee also considered evidence from 
the study of consumer behavior and ways to shape it in six related domains 
(energy saving, recycling, water use conservation, waste prevention, diet 
change, and weight management). This work draws on diverse disciplines 
(e.g. food science and nutrition, public health, behavioral economics, mar-
keting, sociology, social psychology), and researchers have proposed models 
and frameworks to explain consumer behavior, some of which have been 
applied to the study of food waste. The committee identified one of these, 
the motivation-opportunity-ability (MOA) framework, as especially useful 

1 The Walmart Foundation and FFAR made a presentation to the committee at its first meet-
ing about the study charge and their perspectives on the need for the study. They had no other 
discussions with the committee throughout the study process.
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for identifying and analyzing individual behavioral drivers while also tak-
ing into account the importance of context2 and habit in driving behavior.

The MOA framework posits that consumers are most likely to act in a 
particular way when they not only are motivated to do so but also have the 
ability and opportunity to act on that motivation. This framework proved 
useful to the committee in understanding how interactions among multiple 
drivers—including not only individual-level factors but also the actions of 
others, such as retailers, other food providers, and policy makers—affect 
how consumers acquire, consume, store, and dispose of food. The frame-
work was also useful for integrating current knowledge about drivers with 
insights from the research on interventions. 

Drivers of Consumer Behavior

Research on specific drivers of food waste at the consumer level is still 
emerging, but, particularly when considered in light of lessons from research 
in other domains, it offers some promising insights. Consumer behaviors 
regarding food acquisition, consumption, storage, and disposal are complex; 
depend on context; and are driven by multiple individual, sociocultural, and 
material factors within and outside the food system that interact to produce 
food waste. Thus, reducing wasted food at the consumer level will require 
strategies that consider the interactions between consumers’ motivation to 
change behaviors and their ability and opportunity to change them through 
both reflective and automatic processes. Although the available evidence base 
does not yet support prioritization of particular targets for reducing food 
waste at the consumer level, it does indicate that the 11 categories of drivers 
listed in Box S-1 show promise as the basis for interventions. 

Interventions to Alter Consumer Behavior

Interventions that address the wasting of food at the consumer level 
have been studied, but the research on these efforts is still relatively new 
and focuses primarily on increasing motivation rather than increasing abil-
ity or opportunity. Research to date does not yet provide the highest level of 
support for widespread adoption of specific interventions in multiple con-
texts. Nevertheless, the committee found evidence suggesting that that the 
approaches listed in Table S-1 are promising and merit further investigation. 
The committee urges caution in extrapolating to generalized statements 
about these interventions, both because the efficacy and effectiveness of any 
intervention will depend on it being well designed, tailored to the context, 
and well implemented, and because of the importance of considering the 
elements of the MOA framework.

2 Context refers to the circumstances, conditions, or objects by which one is surrounded.
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TABLE S-1 Types of Interventions and Examples with Evidence (Tier 1 
Studies) and Suggestive Evidence (Tier 2 Studies) of Efficacy in Reducing 
Food Wastea,b

Intervention Examples

Appeals With evidence:
• Delivering materials with appeal combined with other 

messaging intervention types (such as information, 
feedback) direct to residents 

• Providing food systems education to students and having 
them contribute to the design of a poster with an appeal 
message 

• Sharing information about harms of food waste 
• Requesting diners to reduce portions, take less food, or 

take more trips to the buffet 

With suggestive evidence:
• Using a self-affirmation intervention to increase receptivity 

to food waste prevention messages 
• Displaying posters encouraging university diners not to 

take food they would not eat 
• Displaying posters triggering negative social emotions 

associated with wasting 
• Linking altruistic or virtue messages with waste prevention

BOX S-1 
Categories of Drivers of Consumer Food Waste

Food waste is driven by 

A.	 consumers’	knowledge,	skills,	and	tools;
B.	 consumers’	capacity	to	assess	risks	associated	with	food	waste;	
C.	 consumers’	goals	with	respect	to	food	and	nutrition;	
D.	 consumers’	recognition	and	monitoring	of	their	food	waste;
E.	 consumers’	psychological	distance	from	food	production	and	disposal;
F.	 heterogeneity	of	consumers’	food	preferences	and	diets;
G.	 the	convenience	or	 inconvenience	of	 reducing	 food	waste	as	part	of	daily	

activities;
H.	 marketing	practices	and	tactics	that	shape	consumers’	food	behaviors;
I.	 psychosocial	 and	 identity-related	 norms	 related	 to	 food	 consumption	 and	

waste;	
J.	 factors	 in	 the	built	environment	 (including	 in	household	and	retail	environ-

ments)	and	the	food	supply	chain;	and
K.	 policies	and	regulations	at	all	levels	of	government.	
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Intervention Examples

Engagement With evidence:
• Engaging schoolteachers and students through curriculum 

and related projects to deepen understanding of and 
personal commitment to reducing food waste 

• Engaging food service workers, managers, and patrons to 
deepen understanding of the magnitude and consequences 
of food waste and to jointly develop solutions customized 
to their food service setting

Social Comparisons With suggestive evidence:
• Using social interactions and shared values to promote 

waste reduction among multiple partners in community 
• Reducing the social stigma of requesting a box for 

restaurant leftovers by having the server offer it
• Using public commitments as a way to be accountable 
• Using public demonstrations of results through such 

interventions as bin cameras

Feedback With suggestive evidence:
• Providing personalized feedback about the success of waste 

reduction efforts as part of a broader set of intervention 
strategies

Financial With evidence:
• Paying more as more waste is discarded from the home

With suggestive evidence:
• Offering price discounts on suboptimal food
• Removing discounts for bulk or multiunit purchases

Nudges With evidence:
• Reducing food quantities in buffet settings through the use 

of smaller plates, smaller portions, or tray removal 
• Switching serveware from paper to plastic plates
• Increasing consumers’ psychological ownership of food

 With suggestive evidence:
• Increasing food’s appeal through changes in meal quality 

and timing 
• Removing date labels
• Setting appropriate refrigerator temperatures

TABLE S-1 Continued

continued
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Intervention Examples

Information With evidence:
• Conducting campaigns that provide booklets, refrigerator 

magnets, informational emails sent directly to participants 
in home or school settings, generally used as part of 
a multifaceted intervention combined with appeal or 
feedback interventions

• The above plus providing food storage containers 

With suggestive evidence:
• Tailoring information to respondent needs 
• Conducting small, intensive workshops 
• Asking participants to read a single article about food 

waste 
• Publicly sharing information through such means as 

posters, recipes, in-store cooking demonstrations, and 
social media as part of a multifaceted campaign 

• Conducting national campaigns providing information and 
skills to reduce food waste

aTier 1 studies met criteria: an intervention was implemented, wasted food was measured, 
causal effect can be attributed, and statistical analysis was adequate. Tier 2 studies failed to 
meet at least one of those criteria.

bThe committee urges caution in extrapolating the information in this table to generalized 
statements about the efficacy and effectiveness of these interventions, which will depend on 
many other factors. 

Although the research does not point directly to interventions that can 
be implemented with confidence across contexts and populations, it does 
offer important lessons that can be used in the tailoring of interventions 
to particular needs. For example, consideration of how a particular driver 
(e.g., psychological distancing) is likely to influence food waste (e.g., by af-
fecting motivation) and the cognitive processes it activates (e.g., reflective or 
automatic processing) offers clues about other drivers that may also be at 
work in a given context and, therefore, where to focus intervention efforts. 
It is also essential to integrate plans for implementation and evaluation into 
the process of designing an intervention. 

Research from the six related domains offers additional insights that 
have not yet been assessed in the context of reducing consumer food waste 
but are likely to be useful to designers of food waste reduction interventions: 

•	 Multifaceted interventions that take advantage of more than one 
mechanism may be more effective than a single intervention alone. 

•	 Characteristics of the context in which a behavior is occurring 
influence, and may override, other drivers. 

TABLE S-1 Continued
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•	 It is critical to understand the cognitive processes, which fall on a 
continuum ranging from reflective to semireflective to automatic, 
involved in the behaviors an intervention is intended to modify. 
Identifying and understanding habitual behaviors is also critical to 
designing any intervention.

A STRATEGY FOR REDUCING FOOD WASTE 
AT THE CONSUMER LEVEL

The strategy the committee proposes builds on the efforts of the many 
stakeholders that are already engaged in efforts to reduce consumer food 
waste. The strategy identifies three primary pathways to changing consumer 
behavior and includes recommendations about the responsibilities of the 
various partners whose participation will be necessary to this coordinated 
effort to reduce food waste at the consumer level. The three pathways are

1. changing the U.S. food environment to discourage waste by 
consumers; 

2. strengthening consumers’ motivation, opportunity, and ability to 
reduce food waste; and 

3. leveraging and applying research findings and technology to sup-
port consumers in food waste reduction.

Pathway 1: Change the U.S. Food Environment to Discourage Waste by 
Consumers

Implement change and innovation in the food industry.

RECOMMENDATION 1: Food trade associations and their joint al-
liances (e.g., the Food Waste Reduction Alliance, the National Restau-
rant Association, FMI-The Food Industry Association, the Consumers 
Brand Association, and smaller food trade associations) and nonprofit 
organizations should expand their efforts to reduce food waste by 
convening an ongoing public–private–academic forum with the goal of 
coordinating industry efforts. Specifically, this forum should
 
•	 assist association members in pursuing evidence-based best prac-

tices and interventions to reduce food waste at the consumer level, 
providing regularly updated written guidance and consultation 
services;

•	 encourage association members to evaluate their food waste re-
duction efforts and publish their findings, and provide tools and 
assistance for these purposes;
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•	 develop materials to inform members about the impacts of food 
waste and to characterize the business case, in terms of costs and 
benefits, of food waste reduction practices;

•	 support and participate in relevant research;
•	 create communities of practice in which members can share innova-

tions and lessons learned; and
•	 work with third-party certifying organizations to include practices 

that reduce food waste at the consumer level as criteria in their 
environmental standards, and to encourage members to meet those 
standards.

RECOMMENDATION 2: With guidance from their food trade as-
sociations, manufacturers, retailers, and food service venues should

•	 develop promotions and other in-store cues that prioritize ac-
quisition of the optimal amount and variety (including frozen, 
shelf-stable, and perishable) of products rather than prompting 
overacquisition; and 

•	 implement and evaluate evidence-based strategies that help reduce 
consumer food waste by combining elements—including presenta-
tion of food (amount and variety) to reduce overacquisition and 
communications targeting consumers—that increase consumers’ 
motivation, opportunity, and ability to alter wasteful behaviors. 

Include food waste reduction in industry certification.

RECOMMENDATION 3: The International Organization for Stan-
dardization, the Green Restaurant Association, the U.S. Green Building 
Council, and other organizations in charge of developing environmen-
tal standards for businesses should include practices that reduce food 
waste at the consumer level as criteria in those standards, and encour-
age food businesses to modify their practices to meet those criteria. 

Develop and harmonize sensible date labeling.

RECOMMENDATION 4: Food industry trade associations, consumer 
organizations, and other nonprofit organizations should coordinate 
and advocate for the passage of federal legislation to harmonize the 
language and standards for use of date labels for packaged food sold 
in the United States. They should also coordinate efforts to educate the 
public about the information provided on date labels and how they can 
use that information to ensure that they neither consume unsafe food 
nor waste safe food. 
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Implement state and local policies encouraging behaviors that prevent 
food waste.

RECOMMENDATION 5: State and local governments should institute 
policies that reduce the discarding of wasted food. Such policies include 
(but are not limited to) fees for the removal of municipal solid waste 
per unit of waste and mandatory organic recycling practices, such as 
composting. These policies should be integrated with related policies 
(e.g., on recycling, food recovery), such as those to reduce environmen-
tal impact or promote equity-related outcomes.

RECOMMENDATION 6: The Environmental Protection Agency and 
nongovernmental entities, such as foundations, should support local 
jurisdictions and states in developing and instituting policies that dis-
courage the discarding of edible food. Actions to this end include pro-
viding research, tools, and information and investing in partnerships 
and forums (e.g., social innovation labs) that bring key stakeholders 
together to develop feasible interventions that are acceptable to the 
affected communities. 

Pathway 2: Strengthen Consumers’ Motivation, Opportunity, and Ability 
to Reduce Food Waste

Conduct a national behavior change campaign.

RECOMMENDATION 7: As part of the federal Winning on Reducing 
Food Waste Initiative, the U.S. Department of Agriculture, the Envi-
ronmental Protection Agency, and the Food and Drug Administration 
should lead the development of a centralized platform for a behavior 
change campaign. This campaign should be designed both to inform 
the public about the environmental, economic, and social benefits of 
reducing food waste and tools and strategies for reducing their own 
waste, and to address nonconscious drivers of food waste, as well as 
consumers’ ability and opportunity to change wasteful behavior. This 
platform should be designed to stimulate, guide, and support current 
efforts at the state and local levels and those led by nongovernmental 
entities. The platform should incorporate the following elements

•	 provide resources and easy, everyday tips for reducing food waste; 
•	 make use of a variety of traditional (e.g., books, website, apps) and 

new (e.g., short media content bursts, short sound bites, multime-
dia, gamification, refrigerator magnets) tools and tactics;

•	 use positive messaging;
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•	 provide multiple cues at the food acquisition, consumption, and 
disposal stages;

•	 focus on reaching consumers during “teachable moments”; 
•	 use social science research, particularly as related to norms and 

consumers’ psychological distance from food and food production;
•	 deliver short, intense, and frequent action ideas and nudges; 
•	 include components and mechanisms that are culturally relevant to 

various settings and populations, such as food service employees, 
retail food establishments, students, workplaces, grocery shoppers, 
and general consumers; 

•	 include provisions for rigorous evaluation of effectiveness and re-
ward for behavior change;

•	 urge stakeholders to alter social and economic contexts to provide 
opportunities for behavior change; and

•	 spur influencers to help alter norms and amplify messages. 

Spread and amplify messages about food waste through influencers.

RECOMMENDATION 8: Professional (e.g., the Culinary Institute of 
America, the Institute of Food Technologists, the Academy of Nutrition 
and Dietetics) and community organizations should work with their 
memberships and with influencers, such as dietitians, state extension 
specialists, recipe providers, cooking show hosts, chefs, and social 
media personalities, to promote the use of their platforms to advance 
consistent food literacy information, provide evidence-based guidance 
about optimizing the consumption of food and minimizing waste, and 
help shift social norms by providing information about the positive ef-
fects of supporting consumers in reducing waste. 

Include instruction and experiential learning about food literacy in educa-
tion curricula. 

RECOMMENDATION 9: Nongovernment organizations (e.g., the 
World Wildlife Fund) should engage with other appropriate entities 
(e.g., state departments of education, U.S. Department of Agriculture’s 
Food and Nutrition Service, foundations) in concerted, coordinated ef-
forts to provide K–12, postsecondary, and secondary institutions with 
appropriate tools and resources and promote their use in instruction 
and hands-on learning about the social, environmental, and economic 
impacts of food waste and ways to reduce it. 
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Pathway 3: Leverage and Apply Research Findings and Technology to Sup-
port Consumers in Food Waste Reduction 

Support research and technology.

RECOMMENDATION 10:3 Government agencies at all levels and 
relevant foundations concerned with the problem of food waste should 
support the proposed food waste reduction strategy by investing in

•	 research to develop methods for measuring food waste at the con-
sumer level, including the collection of data on food waste, both 
aggregated and by type of food, and reasons for wasting food in 
the United States, as part of an overall effort to measure food waste 
at the national level;

•	 research and pilot studies that are adequately designed to evaluate 
interventions for reducing consumer-level food waste and both the 
intended and unintended outcomes of those interventions, and are 
integrated with implementation plans;

•	 training in intervention evaluation and implementation planning 
for appropriate staff of community-based organizations and gradu-
ate students through, for example, an evaluation institute; and 

•	 dissemination of information about the efficacy and effectiveness 
of interventions, including detailed descriptions of the intervention 
design and implementation. 

Coordination and Partnership in Pursuit of the Three Pathways

The overarching goal of the committee’s proposed strategy is to create 
and sustain a broad societal commitment to reducing food waste. Leader-
ship and financial support from the federal level will be necessary to stimu-
late and coordinate the efforts of the multiple stakeholders involved and to 
support the transition from a society in which attitudes and habits facilitate 
the wasting of food to one in which the consumption and management of 
food consistently reflect its value and importance. The improved coordina-
tion and cross-sectoral discussions fostered by the new initiative could have 
multiplier effects and advance solutions and innovations rapidly.

3 This text was revised for clarification since the prepublication release: “food waste reduc-
tion initiative” has been changed to “proposed food waste reduction strategy” to refer to the 
broad, national food waste reduction strategy recommended by the committee, so as not to 
be confused with the Winning on Reducing Food Waste Initiative.  The Winning on Reducing 
Food Waste Initiative is an existing collaboration of the U.S. Department of Agriculture, the 
U.S. Environmental Protection Agency, and the U.S. Food and Drug Administration and is 
referenced directly in Recommendation 11.
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RECOMMENDATION 11: The U.S. Department of Agriculture, the 
Environmental Protection Agency, and the Food and Drug Administra-
tion should expand the Winning on Reducing Food Waste Initiative 
by coordinating with key stakeholders at multiple levels and across 
societal sectors, including state and local governments, nonprofit orga-
nizations, foundations, industry leaders, food producers, and others, 
in efforts to reduce food waste at the consumer level. The federally 
sponsored initiative should

•	 be the locus of practical information for the consumer and guid-
ance on the evaluation and implementation of interventions to be 
disseminated by initiative partners; 

•	 support the development and management of a public clearing-
house for sharing information on current research and evaluation 
data and on funding opportunities relevant to researchers, funders, 
policy makers, social marketers, and other stakeholders; 

•	 support research-based interventions that take into account con-
sumers’ motivation, opportunity, and ability to reduce food waste 
and apply lessons from behavioral change disciplines; and

•	 work with others in resolving technical challenges, including by 
developing and publishing standard terminology for research and 
practice related to food waste. 

 
Table S-2 provides an overview of the potential contributions that 

stakeholders would make to the committee’s proposed coordinated food 
waste reduction strategy.
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TABLE S-2 Potential Contributions of Partners in the Committee’s 
Strategy 

Partner Example Contributions

Federal agencies • Coordinate efforts encompassed by the Winning on Reducing 
Food Waste Initiative

• Provide resources for collaboration and coordination with a 
broad group of stakeholders (e.g., state and local governments, 
corporations, academic institutions, foundations) 

• Develop evaluation and implementation guidelines 
• Coordinate and fund a national behavioral change campaign, 

and provide relevant stakeholders and the public with tools and 
strategies for reducing food waste 

• Provide research, adaptable tools, and information to state and 
local entities

• Coordinate and provide support for research and for a 
clearinghouse for sharing information and resources

• Where federal agencies have jurisdiction over institutional 
procurement, support initiatives aimed at reducing consumer 
food waste

State and local 
government

• Coordinate efforts with respect to food waste among agencies 
• Provide funding to support food waste reduction efforts 
• Adapt and disseminate the national behavioral change campaign
• Provide the public, businesses, and institutions with resources 

and easy everyday tips for reducing food waste 
• Encourage and support changes to the built environment and to 

food marketing that help reduce food waste
• Establish and evaluate policies that encourage reduction of food 

waste behaviors, such as pay-as-you-throw disposal fees, and 
integrate them with other relevant policies 

• Coordinate efforts to provide schools, universities, and 
other educational institutions with appropriate tools and to 
promote the inclusion of food literacy and associated practical 
opportunities in curricula 

• Where state governments have jurisdiction over schools or 
institutional procurement, support initiatives aimed at reducing 
consumer food waste

continued
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Partner Example Contributions

Manufacturers, 
retailers, and 
marketers

• Provide evidence-based food safety and other information to 
help consumers reduce food waste

• Use evidence-based guidance to develop and offer promotions 
that may reduce food waste, including prioritizing acquisition of 
the optimal amount and variety (including frozen, shelf-stable, 
and perishable) of foods rather than stimulating overacquisition, 
with the goal of helping consumers improve their decision 
making in ways that are likely to reduce food waste

• Develop and offer in-store cues that activate unconscious 
behaviors that prioritize acquisition of the right amount and 
variety (frozen, shelf-stable, and perishable) of foods rather than 
large quantities 

• Work with researchers to evaluate impacts and potential 
unintended consequences of interventions to reduce consumer 
food waste

Food producers and 
the agriculture sector

Restaurants and other 
food service providers 
(e.g., cafeterias at 
workplaces) 

• Inform consumers about the impacts of food waste, and provide 
tips to help them reduce such waste

• Reach out to consumers with the goal of reducing their physical 
and psychological distance from food and food production

• Use evidence-based guidance to design, implement, and tailor 
interventions to reduce consumer food waste—for example, 
optimize portions and number of options offered; redesign 
menus and food presentation, such as buffets; stop using trays; 
encourage taking a sample helping and returning for more if 
desired; provide containers for leftovers; and provide tips for 
consumers on how to reduce food waste 

• Work with researchers to evaluate impacts and potential 
unintended consequences of interventions to reduce consumer 
food waste

Food industry 
organizations (e.g., 
National Restaurant 
Association, FMI-
The Food Industry 
Association, Food 
Waste Reduction 
Alliance, Consumers 
Brand Association)

• Engage with the Winning on Reducing Food Waste Initiative 
to coordinate efforts and use consistent methods, approaches, 
and terminology, and support evidence-based best practices 
for reducing food waste at the consumer level by providing 
regularly updated written guidance, consultation services, and 
tools to the relevant industries 

• Encourage businesses to evaluate their efforts and provide tools, 
funds, and connections to researchers for this purpose 

• Develop materials for campaigns aimed at specific sectors to 
educate the business community about costs and benefits of 
these activities 

• Create communities of practice to support sharing of 
innovations and lessons learned 

TABLE S-2 Continued
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Partner Example Contributions

International 
Organization for 
Standardization 
and other standards 
organizations

• Include practices that reduce food waste at the consumer level 
as criteria in environmental management systems or other 
standards for food businesses 

Nongovernmental 
organizations

• Develop/support the development of guidelines, tools, and best 
practices to reduce food waste at the consumer level

• Support and conduct relevant research
• Continue to support with guidelines and information innovators, 

industries, and institutions that provide food through such 
channels as cafeterias in schools, universities, and workplaces

• Engage with the Winning on Food Waste Initiative and others 
to develop consistent measures, methods, interventions, and 
terminology 

Professional 
associations (e.g., the 
Culinary Institute 
of America, the 
Institute of Food 
Technologists, the 
Academy of Nutrition 
and Dietetics)

• Work with their memberships to promote the use of their 
platforms to advance consistent food literacy information, 
including evidence-based guidance to help people optimize the 
consumption of food and minimize its discarding, and help 
shift social norms by providing information about the effects of 
wasting food

Influencers (e.g., 
recipe providers, 
cooking show hosts, 
chefs, social media 
personalities), 
extension specialists, 
consumer 
organizations, 
community leaders, 
and other educators

• Assist in disseminating guidance about food waste prevention 
from the Winning on Reducing Food Waste Initiative, advancing 
consistent food literacy information, including evidence-based 
guidance to help people optimize the consumption of food and 
minimize its discarding 

• Help shift social norms by providing information about the 
effects of wasting food

Schools, colleges, and 
universities

•	 Implement interventions that can help students and staff reduce 
food waste

Innovators (e.g., 
developers of 
software and apps) 

• Improve existing technologies and create new ones (e.g., features 
of the built environment, appliances, apps) to help consumers 
with reducing food waste 

TABLE S-2 Continued
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Partner Example Contributions

Foundations 

Researchers and 
academic institutions

• Invest in research to advance measurement of food waste at the 
consumer level and study of the drivers of food waste behavior 
and mechanisms for changing that behavior

• Support food waste reduction programs/resources
• Require and provide resources for evaluations in funded 

projects, and ensure that funded interventions are building on 
best practices and evidence rather than reinventing approaches

• Produce research to support future innovations and build the 
knowledge base on drivers of consumer behavior and on best 
practices for interventions to change that behavior

Effective implementation of research-based interventions is an ongoing 
process that requires evaluation, adaptation to local conditions, and often 
design modification. The government partners and others who contribute 
funding for elements of the proposed food waste reduction strategy can 
ensure that systematic evaluation is built into the effort. 

RECOMMENDATION 12: Government agencies and others who fund 
interventions pursued as part of the proposed strategy to reduce food 
waste at the consumer level, as well as developers of state and local 
policies and regulations, should require that the effects of an inter-
vention, policy, or regulation on reducing food waste and increasing 
consumer capacity to reduce food waste, as well as on other elements 
of the food system and issues beyond food waste, be evaluated. The 
results of this evaluation should be peer-reviewed and made available 
to researchers and the public. 

RESEARCH TO SUPPORT INTERVENTIONS 
AND THEIR IMPLEMENTATION 

To sustain the strategy proposed by the committee, ongoing work will 
be needed to address significant gaps in the knowledge base related to two 
distinct but interconnected areas: (1) understanding drivers of consumer be-
havior and best practices for interventions to change that behavior, and (2) 
understanding how promising interventions can be implemented effectively.
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Understanding Drivers of Consumer Behavior and 
Interventions to Change that Behavior

With respect to the drivers of consumer behaviors related to food 
waste, the committee highlights the need to expand understanding of con-
sumers and the context for the distribution of food in the United States. 
Research targets in this area include

•	 consumer segmentation regarding food waste behaviors and at-
titudes so that interventions can be targeted;

•	 assessment of the benefits of reducing food waste for the different 
sectors of the food industry so those benefits can be communicated 
to industry leaders and relevant staff; 

•	 identification of gaps in food literacy by population groups and 
settings so communication and education approaches related to 
food waste can be tailored and designed to be more effective; and 

•	 understanding of the rapidly changing food industry, particularly 
supply chain disruptions induced by the COVID-19 pandemic and 
how the pandemic is affecting food-related behaviors and other 
outcomes.

It will also be valuable to expand the focus of research beyond the 
individual consumer. The literature has not yet fully explored drivers of 
behavior that operate across contexts outside the household, for example, 
or how behaviors and attitudes related to food waste translate across con-
texts such as home, restaurants, and work. The committee also believes 
that more studies of causal, correlational, and intervening drivers and their 
interplay are needed.

With respect to interventions, the committee noted multiple examples 
of interventions with promising results that can be further tested across 
contexts and scales, with rigorous methods, to identify best practices. Fu-
ture progress in this research area can be supported by

•	 more long-term follow-up studies;
•	 studies that include appropriate control groups and other design 

elements that support robust causal inferences and measurement of 
waste, rather than intentions to reduce waste;

•	 integration of the development of intervention and implementation 
strategies;

•	 further modeling research, other systems-oriented studies including 
methods for understanding multifaceted interventions, and qualita-
tive studies; and 
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• expansion of the research base to encompass diverse population 
groups, particularly low-income communities, and diverse contexts 
and different scales. 

Understanding How Promising Interventions 
Can Be Implemented Effectively 

Implementation of interventions identified as promising requires careful 
attention not only to unexpected outcomes but also to such factors as feasi-
bility, capacity, fidelity to the intervention design, cost, and appropriateness 
to the settings in which the intervention will be implemented. Many of the 
food waste interventions that have been studied have demonstrated efficacy 
in experimental settings. However, few of these promising interventions 
have been evaluated systematically for effectiveness in real-world and large-
scale applications. Interventions that demonstrate high levels of efficacy and 
effectiveness are needed to significantly reduce consumer food waste. Trans-
lational research is needed to apply frameworks, methods, and existing 
evidence from implementation research to food waste initiatives. Research 
that integrates intervention development with implementation research is 
needed to identify and refine the most promising approaches so they can be 
put into practice at broad enough scale to have meaningful effects. 
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1

Introduction

Food is both essential to life, providing vital nutrients and energy, and a 
source of pleasure and emotional sustenance. It has symbolic associa-
tions with love, comfort, stress reduction, security, rewards, cultural 

expression, creativity, and power. Food choices are influenced by a lifetime 
of individual and social experiences. Food and eating behaviors are often 
set in childhood and can be closely tied to family and cultural traditions 
and norms. 

Despite its importance, however, people waste a significant amount of 
food, and the problem is growing. Hall and colleagues (2009) estimated 
that the amount of food wasted per capita in the United States had in-
creased approximately 50 percent since 1974. Globally, one-third (1.3 bil-
lion tons) of food produced for human consumption is lost or wasted each 
year (Gustavsson et al., 2011), at a cost of approximately $1 trillion (FAO, 
2014). By one estimate, (based on measures of food waste in the municipal 
solid waste stream) across the U.S. food supply chain, from agriculture to 
consumption, approximately 40 to 60 million tons of food, both edible 
and inedible, is wasted (EPA, 2020; ReFED, 2016). An estimate based on 
measures of discarded food at all destinations is that once edible food leaves 
the farm, approximately 30 percent (66.5 million tons) is wasted each year 
(Buzby et al., 2014).

19
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PURPOSE OF THIS STUDY

Many factors influence food waste in the United States, but because a 
significant portion of this waste occurs at the consumer level, interventions 
to alter consumer behavior will be vital if meaningful reductions are to be 
achieved. Yet despite broad agreement about the importance of reducing 
food waste throughout the supply chain (see, e.g., NASEM, 2019) and 
increasing attention to the problem, the majority of food waste reduction 
initiatives to date have not been focused at the consumer level. Reasons for 
this may include both a lack of evidence regarding effective strategies and 
insufficient attention to the complexity of causes and responses within a 
complex food supply system. 

In this context, the Walmart Foundation and Foundation for Food and 
Agriculture Research (FFAR)1 provided funding to the National Academies 
of Sciences, Engineering, and Medicine for a study of strategies for reducing 
food waste at the consumer level. To carry out this study, the Division of 
Behavioral and Social Sciences and Education and the Health and Medicine 
Division of the National Academies appointed a committee of experts to 
identify and recommend actionable strategies, including a path forward for 
implementation, for reducing food waste at the consumer level by apply-
ing knowledge from the social and behavioral sciences, including lessons 
learned from the social sciences in other comparable arenas (e.g., water and 
energy conservation, recycling). The committee also considered issues of eq-
uity and the potential for interventions to have different effects on different 
population groups. (Box 1-1 presents the committee’s statement of task.) 
The committee hopes that the strategies and recommendations detailed in 
this report will stimulate action and the coordination of effective strategies 
for reducing food waste at the consumer level, as well as further research 
to support future progress.

SCOPE OF THE FOOD WASTE PROBLEM

Characterizing the extent of the problem is challenging because there 
is substantial variation in how food waste is defined and measured, which 
makes comparisons and the tracking of progress difficult. Studies may dif-
fer in, for example, the portion of food waste considered “edible” versus 
“inedible;” the part of the food supply accounted for (e.g., postharvest 
only versus the full food supply); and methodologies used for measuring 
wasted food (e.g., direct versus indirect methods) (Spang et al., 2019). 

1 At the committee’s first meeting, the Walmart Foundation and FFAR made a presentation 
about the study charge and their perspectives on the need for the study. They had no other 
discussions with the committee throughout the study process.

http://www.nap.edu/25876


A National Strategy to Reduce Food Waste at the Consumer Level

Copyright National Academy of Sciences. All rights reserved.

INTRODUCTION 21

Furthermore, many estimates rely on secondary or outdated data (Xue et 
al., 2017), which increases the uncertainty of the estimates. Although recent 
efforts to develop standards and guidance have begun to address some of 
the problems with the quantification of food waste, many challenges remain 
(Hanson et al., 2016). (Appendix C provides a full description of the differ-
ent methods used and various definitions of food waste and loss.) Nonethe-
less, despite the complexities of the available information, it is possible to 
sketch out an overview of the problems and their consequences.

First, as food moves through the food system from production to 
consumption, loss and waste occur at all stages, but the largest proportion 
occurs at consumption (Lipinski et al., 2013). It is not possible to be precise 
about the percentages because of the lack of alignment among the measures 
used, but several estimates demonstrate this point: 

•	 The portion of food waste occurring in U.S. households and places 
where consumers interact with food away from home has been 
estimated at close to 80 percent of the total (edible and inedible) 
amount of food waste produced (ReFED, 2016). 

•	 An estimated 30 percent (or 67 million tons) of edible food in the 
United States is wasted at the retail and consumer levels of the food 
system (Buzby et al., 2014; Gunders, 2017). 

•	 U.S. consumers waste approximately 1 pound of food per person 
daily, with fruits and vegetables most likely to be wasted, followed 

Box 1-1 
Statement of Task

An	ad	hoc	committee	will	examine	 food	waste	 in	 the	United	States	at	 the	
individual	 consumer	 level	 at	 home	 and	 away	 from	 home.	 The	 committee	 will	
apply	 knowledge	 from	 the	social	 and	behavioral	 sciences	 to	 identify	 strategies	
for	behavior	change	with	consideration	to	interactions	and	feedbacks	within	the	
broader	complex,	dynamic	food	system.	Drawing	upon	the	food	system	overview	
described	 in	A	Framework	 for	Assessing	Effects	of	 the	Food	System,	 the	com-
mittee	will:	

•	 Review	the	existing	data,	information,	and	research	on	consumer	food	waste,	
including	assessments	of	effectiveness	for	past	and	current	reduction	efforts;	

•	 Make	actionable	recommendations	for	food	waste	reduction	strategies;	and	
•	 Identify	 implementation	 strategies	 to	 reduce	wasted	 food	 at	 the	 consumer	

level	from	a	holistic,	systems	perspective.	
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by dairy, meat, and grains2 (Conrad et al., 2018;3 Hoover and 
Moreno, 2017; McDermott et al., 2018).

Looking at just the household level, some researchers have collected 
empirical data to estimate the portion of all wasted food that is edible by 
food type and discard destination (Hoover and Moreno, 2017; McDermott 
et al., 2019). Small studies have also quantified plate waste (the portion 
of food that is served but ultimately wasted) (e.g., Roe et al., 2018). Still, 
empirical food waste data come primarily from sources that have not been 
peer reviewed or were published outside of the United States, such as the 
Wasted Resources Action Programme (WRAP) in the United Kingdom 
( Gillick and Quested, 2018; Quested and Luzecka, 2014; Quested et al., 
2013). Even less information is available about the proportion of consumer-
level food waste that occurs in the home versus out-of-home settings, which 
would be useful for prioritizing resources. 

Although it is clear that consumers waste a substantial proportion of 
the food they buy, food disposal is only one consideration when they make 
decisions about food. For example, a 2019 survey of U.S. consumers found 
that fewer than half think about food waste some of the time when they are 
at the grocery store, eating out, or at home (IFIC, 2019). The survey also 
revealed that such factors as price and preferences are more important than 
food waste considerations in making decisions about food. 

The consequences of food waste are severe: the wasting of food de-
pletes natural resources, degrades the environment, and constrains efforts 
to increase access to healthy diets for low-income populations. Life-cycle 
analyses have been used to quantify and disaggregate the environmental im-
pacts of food production (Heller and Keoleian, 2015; Ivanova et al., 2016; 
Nemecek et al., 2016). One estimate is that the impacts of production and 
use of food from production to consumption are responsible for 48 percent 
and 70 percent of global household impacts on land and water resources, 
respectively (Ivanova et al., 2016). 

When food goes uneaten, the environmental impacts stem from both 
waste of the resources used to grow the uneaten food and its disposal. 
By one recent estimate, food waste accounts for 15 percent of the total 
municipal solid waste generated in the United States (EPA, 2019), a figure 
that does not include all discarded food, such as that disposed of down 
the drain. The food waste in landfills is converted partly to methane, a 

2 The greatest economic cost is for uneaten meat, poultry, and fish, followed by vegetables 
and dairy products (Buzby et al., 2014). 

3 Estimate based on secondary data from the U.S. Department of Agriculture’s (USDA’s) 
Loss-Adjusted Food Availability data series. 
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greenhouse gas4 with 28 times the warming potential of carbon dioxide. 
Thus, it is estimated that the average American contributes 315 pounds of 
carbon dioxide equivalent annually (28 percent of all landfill greenhouse 
gas emissions) by discarding edible food and food packaging (Kling and 
Hough, 2010). Greenhouse gases are also emitted in the process of grow-
ing, processing, distributing, transporting, retailing, and cooking food that 
is eventually wasted. With all that in mind, a typical American’s annual 
food waste could account for the emission of more than 12,000 pounds of 
carbon dioxide equivalent, which is approximately the level of emissions 
from driving a car for 13,500 miles (Kling and Hough, 2010). Globally, 
the emission of 4.4 gigatons of carbon dioxide equivalent—8 percent of 
annual global greenhouse gas emissions—results from food that is wasted 
(FAO, 2015). 

In terms of global land use, a total of 1.4 billion hectares, an area 
nearly 1.5 times that of the United States, is used to grow food that is ulti-
mately wasted (FAO, 2019). This is significant because land use ultimately 
has effects on biodiversity and people’s livelihoods. Moreover, the applica-
tion of nutrients used in growing food that is eventually discarded results 
in increased ammonia emissions, which further degrade air and soil quality, 
as well as wasted water and runoff-induced algal blooms in coastal waters. 
The amount of food produced but uneaten also implies substantial waste 
of water and energy, essential natural resources. For example, wasted food 
is responsible for more than 25 percent of total agricultural use of fresh 
water and about 4 percent of total U.S. oil consumption (Hall et al., 2009). 
Researchers have used modeling to estimate that halving food waste across 
all stages of the food supply chain could reduce the total environmental 
impact of the U.S. food system by 8 to 10 percent (Read et al., 2020).

Even as more than 30 percent of total food produced in the United States 
is wasted, 42 million Americans struggle with food insecurity (Coleman-
Jensen et al., 2016). This disconnect is even more striking at the interna-
tional level. According to the Food and Agriculture Organization (FAO), 
1.3 billion tons of food is wasted globally, while nearly 900 million people 
are undernourished (FAO, 2019). As distressing as these figures are, it is 
important to note that much of the food that is wasted cannot realisti-
cally be recovered for human consumption, for reasons including food 
quality and decay, logistics, and the costs of recovery. Most food that gets 
wasted in the home is not likely to be appropriate for donation. Efforts to 
reduce consumer food waste have important benefits, but a broader suite 

4 Estimation of greenhouse gas emissions in terms of “carbon dioxide equivalent” facilitates 
comparison of estimates of different greenhouse gases, for example, carbon dioxide, methane, 
and nitrous oxide. 
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of interventions is needed to make that food available and affordable to 
households experiencing food insecurity. 

APPROACH TO THE STUDY

As this overview of the scope of the problem suggests, the study com-
mittee’s charge required careful thinking about research and conceptual 
approaches from multiple fields. Accordingly, the committee included ex-
perts in food waste, psychology and marketing, sociology, public health, 
nutrition, behavioral economics, food systems, urban planning, interven-
tion design, and implementation science (see Appendix F for biographical 
sketches of the committee members). 

Study Process

The committee’s conclusions and recommendations are based primarily 
on a review of the relevant technical literature and two public sessions held 
with researchers and leaders in the field of food waste and other relevant 
fields (see Appendix A for the agendas for these public sessions). 

The committee reviewed the existing body of research on food waste 
at the consumer level, including assessments of the levels of waste and as-
sociated impacts, current and past interventions to reduce this waste, and 
drivers of consumer behavior around wasted food. To review this literature, 
the committee developed a search strategy that was applied to multiple da-
tabases (Agricola, Embase, Medline, ProQuest Research Library, PubMed, 
and Scopus). The search included peer-reviewed articles published in Eng-
lish after 2004 (see Appendix B for the search syntax and results). A total 
of 882 publications were scanned for relevance to the committee’s task. In 
addition to the peer-reviewed literature, the committee reviewed grey lit-
erature on efforts of various groups to reduce food waste at the consumer 
level, including interventions, guidelines, and various other relevant topics. 

The committee also sought insights in domains identified as similar to 
that of food waste for the purpose of studying consumer behavior and ways 
to influence it. Thus, the committee conducted additional literature searches 
targeting systematic reviews of research on strategies for promoting energy 
conservation, water conservation, waste prevention/management, recycling, 
diet change, and weight management.

Finally, the committee notes that the U.S. food supply chain and econ-
omy have experienced substantial disruptions during the COVID-19 global 
pandemic, which started in 2019 when the committee had completed most 
of its deliberations. There is not yet evidence regarding how consumer food 
waste patterns may have shifted during the pandemic, but the disruptions 
have undoubtedly affected consumers and their behaviors and had other 
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impacts on the food supply around the world.5 Increases in food insecurity 
and challenges for consumers in efficiently acquiring food are just two of 
the issues that have already become obvious. It is possible that the chal-
lenges of the pandemic could increase consumers’ receptivity to efforts to 
assist them in reducing waste. This report could not address these fast-
moving changes, but uncertainties about how the food supply and future 
consumers’ behaviors will be shaped by the pandemic underscore the im-
portance of attention to food waste.

A Systems Approach

The committee was asked to consider the full breadth of the complex, 
dynamic food system and in its analysis to draw on the food system over-
view presented in A Framework for Assessing Effects of the Food System 
(IOM and NRC, 2015) (see Box 1-1). A recommendation of that report 
is to move beyond a linear food supply chain model (from farm to table 
to landfill) to one that accounts for the interconnectivity and dynamic 
relationships among the various systems and structures within the food 
system (see Figure 1-1). Taking a systems approach makes it easier to 
understand and minimize the unintended negative consequences of inter-
ventions (tradeoffs), as well as to identify opportunities to maximize the 
benefits of changes, by illuminating the interactive relationships within 
the food system. 

The 2015 report provides a framework intended to be applicable to 
many situations and to support the anlysis of proposed interventions aimed 
at influencing aspects of the food system. With this in mind, the committee 
attempted to apply the four principles laid out in the 2015 report to the 
food waste context while also recognizing the practical issues that must be 
addressed, such as uncertainties and gaps in data and information. 

Principle 1: Recognize effects across the full food system. Consumer be-
havior, the focus of the current report, is shaped—or driven—by upstream 
influences. That is, the actions of farmers or food processors, for example, 
shape the context in which consumers make conscious and unconscious de-
cisions and the options they have. Thus the committee investigated not only 
drivers of consumer behavior (see the discussion of terminology below) and 
interventions that directly affect individuals, but also other factors, such as 
policy, the actions of the food industry (i.e., food service venues and food 
retailers) and the media, and food marketing. We bounded our search by 
focusing on drivers that are proximal to the consumer and on interventions 
designed to prevent or reduce food surplus. 

5 See, e.g., http://www.ipes-food.org/_img/upload/files/COVID-19_CommuniqueEN.pdf; 
https://wrap.org.uk/sites/files/wrap/Citizen_responses_to_the_Covid-19_lockdown_0.pdf.
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Principle 2. Consider all domains and dimensions of effects. The 2015 
report notes that any intervention targeting the food domain may have 
consequences not only in that domain but also in other domains, such as 
health. The consequences in other domains may be positive or negative, 
intended or unintended, and they can be disproportionally larger than those 
intended for the intervention. The committee found limited research salient 
for exploring this issue with respect to food waste, but wherever possible, 
we considered potential consequences of interventions to reduce food waste 
in other areas, such as the possible effects of a technology used for this 
purpose on food safety. 

Principle 3. Account for system dynamics and complexities. The food 
system is dynamic and heterogeneous, characterized by substantial variabil-
ity in the goals and motivations of stakeholders and in the influences that 
drive consumer behavior. The committee acknowledged these variables and 
the tensions among them even when relevant empirical data or resources 
for obtaining such data were not available. 

Principle 4. Choose appropriate methods of analysis and synthesis. 
Study of the topic of food waste is hampered by factors that include limited 
experience in this area among researchers, industry, and communities, as 
well as the lack of standard research methodology and terminology noted 
earlier. Accordingly, this report includes the committee’s recommendations 
for improved methods, including analytical and modeling approaches, that 
would provide a more complete picture of the drivers of food waste behav-
iors and inform the selection of interventions.

FIGURE 1-1 The U.S. food supply chain is a multilayered system that is interconnected with 
the larger biophysical environment and the social context.
SOURCE: IOM and NRC, 2015 (Figure S-2).
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Although existing research did not support a true systems analysis of 
the problem of food waste, the committee applied the ideas behind such an 
analysis by taking into account

•	 the influence of other factors and actors in the food system beyond 
the consumer; and

•	 the synergy among various drivers of food waste.

We also explored the work of other authors in the field of systems 
thinking, such as Meadows (1999, 2008), who proposes a framework for 
systems change in which different types of interventions work in synergy 
to address a particular societal challenge. Others have categorized the types 
of prevention interventions to reduce food waste at the consumer level as 
“strong” or “weak” (Mourad, 2016): a strong intervention is one with 
long-term benefits that calls for changing the roots of the problem, whereas 
a weak intervention focuses on consumer behavior alone. The committee 
considered these concepts in its deliberations. 

Integrating Work from the Social, Behavioral, and Economic Sciences

Researchers in fields including food science, nutrition, public health, 
behavioral economics, marketing, sociology, social psychology, land use 
planning, geography, and implementation science have in one way or an-
other contributed to understanding of why consumers do what they do and 
how consumer behaviors can be shaped through interventions. While each 
of these fields has made important contributions, they identify and investi-
gate questions in different ways that reflect the conceptual underpinnings 
of their disciplines. 

For example, some psychologists and behavioral economists consider 
food waste primarily as a context within which fundamental psychological 
effects may be explored or knowledge extended. Specialists in food market-
ing tend to look to data from either laboratory or field experiments that 
systematically alter one aspect of the food decision environment, with the 
goal of isolating novel effects on, say, quantities purchased or willingness to 
pay, rather than focusing on reducing waste as a key outcome. Behavioral 
economists use field studies to test how well findings from psychology and 
economics work in real-world settings. Scholars in urban geography and 
planning explore the role of space and the built environment in shaping 
food practices and the influence of such factors as urbanization, class, cul-
ture, and infrastructure. Public health nutrition researchers analyze food- 
and nutrition-related behaviors, perform program and policy evaluations, 
and study individual, social, and structural factors that shape behaviors and 
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opportunities. Agricultural and resource economists may draw on broad-
scale survey data as well as laboratory and field experiments, often consid-
ering human-ecosystem feedback, the effects of informational interventions, 
and the interactions between business and individual behaviors as related in 
particular to the food system. And researchers in implementation science, 
a field that has blossomed in the last decade, focus on the specific elements 
needed to use the findings from small-scale studies successfully in designing 
population-scale interventions that can change behaviors. Researchers in 
several of these fields complement quantitative approaches with qualitative 
studies to better understand the underlying dynamics and processes that 
shape behaviors and their contexts.

Diverse Terminology

Coordinating findings from across such disparate areas of study poses 
a challenge. Researchers in these fields are seeking to understand similar 
phenomena from their own perspectives and have developed terminology 
that is idiosyncratic to their domains. Their distinct usages of often similar 
terms reflect conceptual differences in their approaches. The discrepancies 
in usage can confuse interpretation and meaning. 

A key concept in the study of food waste illustrates the problem: the 
influences on behavior that are called “drivers” in many contexts are also 
referred to as “determinants,” “determining factors,” “motivators,” or 
“predictors” in other fields, with definitions that overlap significantly but 
are not identical. These terms reflect varying stances on what is most impor-
tant (e.g., the statistical meaning of prediction versus behavioral influences 
such as motivation), which can make it challenging to parse the meaning 
of similarities and differences in findings. At the same time, the diffusion 
of new categorizations and terminology can allow meaningful comparisons 
to emerge across fields. 

The definition of food waste itself is another challenge. As noted earlier, 
researchers who study food waste define it in varying ways (e.g., sometimes 
including spoiled or otherwise inedible food and sometimes not), and also 
measure it in multiple ways, which complicates the comparison and integra-
tion of data and analysis. For the purposes of this report, “food waste” is 
defined as food that is either still edible or became spoiled before it could 
be consumed and is discarded by consumers in any discard location, includ-
ing landfills or composting facilities. While recognizing that whether a food 
(or part of a food) is considered edible depends on cultural, religious, and 
even personal preferences, the committee focuses only on edible food in 
this report, given that it is the portion most conducive to waste prevention. 
Further, this report focuses on consumer-level waste; waste at other levels of 
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the food supply chain (e.g., at the retail level) is relevant to this report only 
to the extent that it influences waste at the consumer level. For example, 
the food wasted by the consumer in food service venues (e.g., restaurants, 
school cafeterias) is within the scope of this report. Conversely, the waste 
that occurs in the operation of food service venues as food is purchased and 
prepared, although equally important, is beyond the scope here, as is the 
food waste resulting from retail store operations. Other terms relevant to 
this report are defined as they arise in the discussion. Appendix G provides 
definitions of all terms with the potential to cause confusion.

Theoretical Frameworks

The use of theories of change and conceptual frameworks helps iden-
tify bridges and address inconsistencies in the study of consumer behavior. 
Theories and frameworks can guide the design of behavioral interventions 
by identifying constructs and mechanisms that are important to the de-
sired outcomes, which in turn supports the identification of variables and 
outcomes that will need to be measured in order to disaggregate effects 
(Thomson and Ravia, 2011). However, relatively few studies of interven-
tions designed to influence behavior use theoretical frameworks to guide 
design (Sweet and Fortier, 2010; Thomson and Ravia, 2011; Varotto and 
Spagnolli, 2017). In some domains, such as diet- and physical activity-
related behavior change, researchers have found only sparse and inconsis-
tent evidence that theory-based interventions are effective or lead to better 
outcomes (Samdal et al., 2017). In addition, behavioral theories can be poor 
at explaining how the initiation and maintenance of behavior might differ 
(Samdal et al., 2017). Despite these challenges, researchers can beneficially 
apply theories and frameworks to standardize monitoring and evaluation 
practices and reporting of outcomes (Cox et al., 2010; Fjeldsoe et al., 
2011). Some of this work has been the basis for the development of models 
designed to account more holistically for consumer behavior. 

The committee’s review of the six behavioral domains identified as 
similar to that of food waste demonstrated that multiple theories have been 
dominant in studies of behavioral change, ranging from the psychological 
(the theory of planned behavior and modified versions [Ajzen, 1991]) and 
value-norm-belief theory (Stern and colleagues, 1999, 2000) to others based 
in sociology (e.g., versions of social practice theories [Schanes et al., 2018]). 
While each has some strengths, they all have shortcomings that make them 
difficult to apply across a broad literature; Box 1-2 provides a look at the 
context in which these theories emerged. The committee considered the ap-
plicability of several theoretical frameworks to consumer-level food waste 
behavior. 
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Box 1-2 
The Science of Behavior Change

Many	theories	and	frameworks	have	been	used	to	understand	and	predict	
individual	 behavior.	There	 is	 no	 consensus	 on	which	 theories	 and	 frameworks	
are	most	useful,	and	the	dominant	theories	have	evolved	over	time.	Early	theo-
ries	of	behavior	change,	such	as	social	cognitive	 theory,	 the	 theory	of	planned	
behavior,	and	 the	 transtheoretical	model,	were	 influential	efforts	 to	explain	why	
people	adopt	a	behavior.	This	set	of	 theories	characterized	human	behavior	as	
being	predominantly	conscious	and	reason	driven,	and	this	category	of	behavior	
is	sometimes	referred	to	as	“System	2”	processing	(Koop	et	al.,	2019;	Marteau,	
2017;	Varotto	and	Spagnolli,	2017).	Theories	focused	on	System	2	behavior	high-
light	the	role	of	knowledge	transfer	and	ways	to	improve	self-efficacy	in	changing	
behavior	(Koop	et	al.,	2019).	The	shortcomings	of	System	2	theories	for	explaining	
behavioral	outcomes	was	increasingly	apparent	by	the	end	of	the	20th	century,	
as	 the	 importance	of	 accounting	 for	 automatic	and	emotion-driven	 factors	was	
recognized	(Marteau,	2017).	New	models	of	behavior	(sometimes	called	System	
1	theories)	emerged	that	characterized	human	behavior	as	being	more	automatic	
and	emotion	driven	than	the	System	2	theories	had	allowed.	Most	recently,	it	has	
been	recognized	that	individual	behaviors	are	responsive	to	both	System	1	and	
2	processes,	and	researchers	have	begun	to	measure	drivers	and	create	study	
designs	that	take	both	into	account.	

The	 theory of planned behavior	 focuses	on	drivers	related	to	 the	 intention	
to	behave	in	a	certain	way.	Researchers	that	use	the	theory	of	planned	behavior,	
therefore,	often	do	not	focus	on	measuring	actual	behavior	(Graham-Rowe	et	al.,	
2014;	Koop	et	al.,	2019;	Stancu	et	al.,	2016;	Stefan	et	al.,	2013;	Visschers	et	al.,	
2016;	van	der	Werf	et	al.,	2019).	Though	heavily	used	in	the	food	waste	 litera-
ture,	this	theory	has	shortcomings	for	explaining	food	waste	behavior	(Schanes	
et	al.,	2018).	First,	 the	 theory	 is	best	suited	 to	capturing	consumers’	 intentions	
to	engage	in	single	behaviors,	divorced	from	other	considerations	that	may	cre-
ate	disconnects	between	 their	 intentions	and	 their	actions.	 Indeed,	 the	amount	
of	 food	 consumers	 waste	 is	 often	 determined	 not	 only	 by	 their	 intentions,	 but	
also	by	contextual	factors	they	cannot	control	that	impede	their	intended	actions.	
Further,	 food	 waste	 is	 often	 driven	 by	 factors	 outside	 the	 scope	 of	 conscious	
choices,	many	of	which	occur	in	tandem	with	contextual	and	social	factors	that	are	
not	intended	or	planned	by	the	consumer	(Quested	et	al.,	2013).	Scholars	have	
labeled	this	phenomenon	the	“value-action	gap”	(Barr,	2006).	Because	there	may	
be	a	substantial	gap	between	intentions	and	behavior	related	to	waste,	a	theory	
that	focuses	so	heavily	on	intentions	may	offer	little	explanation	of	actual	behavior.

The	value-belief-norm theory,	offered	by	Stern	and	colleagues	(1999,	2000),	
was	developed	primarily	 for	application	 in	 the	field	of	nonactivist	environmental	
behaviors.	This	theory	posits	that	biospheric,a	altruistic,	and	egoistic	values	give	
rise	to	beliefs	that	shape	behaviors.	These	values	influence	individuals’	general	
ecological	worldview,	understanding	of	adverse	consequences	of	behaviors	that	
harm	 the	 environment,	 and	 sense	 of	 their	 own	 ability	 to	 reduce	 such	 harms.	
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Together,	these	beliefs	may	then	give	rise	to	proenvironmental	personal	norms,	
which	 drive	 a	 host	 of	 behaviors.	 This	 framework	 has	 shown	 strong	 predictive	
power	in	the	domain	of	environmental	behaviors,	which	suggests	potential	value	
in	the	food	waste	context	if	food	waste	were	seen	by	consumers	primarily	as	an	
environmentally	 damaging	 action.	 However,	 even	 if	 environmental	 beliefs	 and	
norms	are	drivers	for	some	consumers	in	some	cases,	this	approach	addresses	
only	the	individual	decision	maker,	not	the	many	other	elements	of	the	food	waste	
system. 

Widely	 used	 in	 qualitative	 research, theories of practice	 (also	 known	 as	
social practice theory or practice theory)	are	used	to	understand	routinized	be-
haviors.	 In	contrast	 to	 the	theory	of	planned	behavior,	 theories	of	practice	treat	
consumer	action	as	being	influenced	by	a	rich	combination	of	factors.	According	
to	Shove	and	colleagues	(2012),	the	three	key	elements	of	practice	theory	are	(1)	
material	(e.g.,	technologies,	infrastructure,	tools,	logistics,	objects);	(2)	meaning 
(e.g.,	values,	cultures,	emotions,	paradigms);	and	(3)	competence	(skills,	capac-
ity,	and	knowledge).	Social	practice	theory	recognizes	that	individuals’	practices	
and	behaviors	are	shaped	by	a	combination	of	the	three	interrelated	factors	(Har-
greaves,	2011;	Reckwitz,	2002;	Shove	et	al.,	2012;	Warde,	2005).	In	this	model,	
practices	and	behaviors	are	not	regarded	simply	as	individual	choices:	the	influ-
ences	of	 institutions	and	systems	are	taken	into	account	(Mattioni	et	al.,	2020).	
Behavior	is	thus	likened	to	practices,	defined	as	repeated	actions	that	are	enacted	
together.	According	 to	 these	 theories,	 discarding	 food	 should	 be	 considered	 a	
“bundle	of	 practices,”	 including	behaviors	 related	 to	 the	planning,	 provisioning,	
preparation,	consumption,	and	discarding	of	food.	Understanding	each	of	these	
behaviors	by	 itself	and	 in	 relation	 to	 the	others	 is	critical	 to	understanding	how	
food	is	transformed	into	waste	by	households	(Hargreaves,	2011;	Southerton	and	
Yates,	2015).	

Because	 they	 take	 into	 account	 how	 consumer	 behavior	 is	 influenced	 by	
social	and	marketing	cues,	theories	of	practice	provide	a	natural	link	to	a	systems	
perspective.	However,	the	majority	of	work	applying	these	theories	does	not	allow	
for	broad	quantification	of	the	effects	of	interventions	or	for	comparisons	across	
studies.b	Further,	while	 the	concept	of	bundles	of	practices	offers	 important	 in-
sights,	this	combinatory	approach	makes	it	more	difficult	to	identify	separate	driv-
ers	that	may	appear	across	contexts.	Thus,	results	from	studies	applying	these	
theories	are	difficult	to	generalize	or	integrate	with	those	that	identify	single	drivers	
of	food	waste	(see	Soma,	2019).

aA	biospheric	value	orientation	 is	 the	perspective	 that	concern	 for	 the	health	of	 the	bio-
sphere,	earth’s	biological	system,	should	guide	moral	and	ethical	decisions.

bFor	example,	Soma	(2019)	quantitatively	applied	 theories	of	practice	 to	understand	 the	
influence	of	income	and	retail	choice	on	food	waste	in	households	in	Indonesia.
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A framework that allows the identification and analysis of individ-
ual behavioral drivers but also acknowledges the importance of context 
and habit in driving behavior—the motivation-opportunity-ability (MOA) 
framework—has been used in food waste research in both academic and 
practitioner settings (e.g., Scott et al., 2015; van Geffen et al., 2016) and 
related fields (e.g., Addo et al., 2018; Geiger et al., 2019; MacInnis and 
Jaworski, 1989). The committee found that this model offered the most 
useful approach for analyzing the drivers of food waste behaviors and 
interventions to modify those behaviors in the context of our statement of 
task (Box 1-1). The key elements of this framework as they apply to food 
waste have been defined as follows (van Geffen et al., 2016):

•	 Motivation to prevent food waste—a person’s willingness to per-
form actions that reduce the likelihood or amount of food waste 
being generated. Relevant aspects of motivation are attitude, 
awareness, and social norms.

•	 Opportunity to prevent food waste—the availability and acces-
sibility of materials and resources required to prevent food waste. 
Relevant aspects of opportunity are time and schedule, economic 
and other contextual factors, material and technologies, policy, and 
infrastructure.

•	 Ability to prevent food waste—a person’s proficiency at solving the 
problems encountered when performing actions that help prevent 
food waste. Relevant aspects of ability are knowledge and skills.

Like theories of practice, the MOA framework supports analysis of 
behavior that may be driven by habit rather than explicit intention. Indeed, 
the MOA framework also makes clear that when motivation, opportunity, 
or ability is low, consumers are likely to be influenced by factors related 
to routine, choice context, nonconscious factors, or social norms, and that 
addressing individual, group, and societal cues will increase the chance 
of sustained behavioral change. This insight is important in a systems ap-
proach to reducing food waste. 

A few examples illustrate the interactions among motivation, oppor-
tunity, and ability. Even for individuals who wish to reduce food waste 
(have high motivation), refrigerators that are set at the wrong temperature 
(low opportunity) may make it very difficult to translate that motivation 
into the desired outcome. On the other hand, ignoring motivation can also 
undermine efforts in two ways. First, communities may provide ample op-
portunity and ability to reduce food waste, but if individuals are faced with 
conflicting motivations (i.e., conflicting drivers), such as the desire to take 
advantage of bulk buying opportunities, those interventions are not likely 
to succeed. Second, if executing behaviors to reduce food waste requires 
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high levels of motivation, the level of motivation in itself may be a driver 
of food waste. Where motivation is relatively low, opportunity and ability 
may need to be so strong that wasting food would require more effort than 
not doing so. One way to address this would be to build habit systems that 
make nonwasting automatic. For example, a community might develop a 
program whereby opting in to food waste reduction processes is automatic, 
but opting out would require more effort. In this case, consumers would 
need little motivation—they would simply need to lack a countervailing 
motivation. 

The MOA framework allows for consideration of the roles of habits, 
norms, and other automatic behaviors. The committee used the MOA ap-
proach to anchor its analysis of the possible drivers of consumer behaviors 
and interventions designed to change those behaviors.

STRUCTURE OF THE REPORT

The remainder of this report is organized into five chapters. Chapter 
2 describes the context for food waste at the consumer level. Chapter 3 
discusses the drivers of consumer-level food waste, including both lessons 
learned from other disciplines and the research specific to food waste. It 
identifies implications for the design of interventions targeting food waste 
behaviors. Chapter 4 reviews the research on interventions to reduce food 
waste, again taking into account lessons from other disciplines. Chapter 5 
presents the committee’s strategy for reducing food waste and its recom-
mendations for implementing this strategy. Finally, Chapter 6 describes 
research needed to support the design of interventions and highlights the 
importance of implementation planning. 
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2

Understanding Food Waste, Consumers, 
and the U.S. Food Environment 

The context in which consumers waste food is complex. To under-
stand the drivers of food waste behavior and possible ways to reduce 
it, it is important to understand the elements of the interconnected 

food system mentioned in Chapter 1. This chapter provides an overview 
of U.S. consumers’ proximal interactions with parts of the food system, 
including where and how they purchase food and what they know about 
food. The chapter also describes efforts already under way to address con-
sumer food waste.

The committee notes that the COVID-19 pandemic, which developed 
as work on this report was being completed, has disrupted the food sys-
tem and is affecting consumer behavior in numerous ways both large and 
small. As this report goes to press, the pandemic is still developing, and 
researchers have not yet had time to document all these changes and assess 
their impact, but doing so will undoubtedly be a vital contribution to the 
understanding of consumer food waste in the future.

THE U.S. CONSUMER WITHIN THE FOOD SYSTEM

U.S. consumers are diverse across virtually any dimension; gender, race, 
ethnicity, economic status, and cultural traditions are but a few examples. 
Their food practices, including the wasting of food, are influenced not only 
by individual and interpersonal factors, such as income, attitudes, knowl-
edge, and relationships, but also by the complex, dynamic food system. 
The food system comprises a range of individuals, groups, organizations, 
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and industries whose actions (e.g., enacting policy, informing the public, 
selecting and marketing products) can influence consumer behavior and the 
likelihood of food waste. The system also encompasses cultural, social, and 
economic drivers that operate at the community, state, and federal levels 
(Contento, 2016). These elements are key to strategies that can change 
behavior and reduce food waste at the consumer level. A sampling of im-
portant stakeholders is listed in Box 2-1. 

Consumers’ individual characteristics naturally have implications for 
their food waste behavior: people respond in varying ways to situations in 
which decisions about food are made. For example, Aschemann-Witzel and 
colleagues (2018) found that among those consumers who thought about 
food waste at the grocery store, the top reason for doing so was saving 
money, but many also considered the goal of reducing waste overall, envi-
ronmental concerns, or the need to ensure food access for all. For others, 
avoiding food waste may have become a habit.

Researchers have suggested that consumers can be divided into five 
segments based on their food waste practices (Aschemann-Witzel et al., 
2018). In this categorization, one group likes cooking, considers price and 
taste important, but does not plan in advance, and reports a medium level 
of food waste. Another group is concerned with price but dislikes cooking; 

BOX 2-1 
Stakeholders in the Food System

•	 Community advocates
•	 Consumers
•	 Educators
•	 Farmers
•	 Federal	government
•	 Food	industry	(e.g.,	manufacturers,	retail)
•	 Food rescues
•	 Funders
•	 Hospitality/food	service	industry
•	 Influencers	(e.g.,	chefs,	religious	leaders)
•	 Innovators/entrepreneurs
•	 International	institutions
•	 Media
•	 Municipal/local	governments
•	 Nutrition/food	safety	advocates
•	 Policy	makers
•	 Researchers
•	 Schools,	colleges,	universities
•	 Technology	industry
•	 Waste	management	companies
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this group reports low levels of food waste. A third group is very engaged in 
cooking, is concerned about price and taste, and plans in advance, and re-
ports low levels of food waste. The fourth group does not consider price but 
is interested in taste, food safety, and optimal choice, and reports a medium 
level of food waste. Finally, the fifth group is not very involved with food 
and has a low level of interest in cooking, food safety, or the price–quality 
relationship; this group reports the highest level of food waste. The com-
plexity of these segments illustrates that reducing food waste involves more 
than simply raising consumer awareness. For example, consumers with 
low levels of interest in food and food waste are not likely to be swayed 
by economic, normative, or ethical appeals designed to increase awareness 
but may respond best to structural interventions such as “nudges1” (Thaler 
and Sunstein, 2008). 

An important question is how income level influences the wasting of 
food, although the available research on this question is not conclusive. For 
example, some studies have suggested that households with higher income 
waste more (e.g., Filipová et al., 2017; Soma, 2019; Verma et al., 2020), 
while other work suggests that households with low income may waste 
more of certain items, such as lower-quality foods purchased in bulk (Setti 
et al., 2016). Investigating questions about the role of income level in food 
waste is challenging, in part because many consumers with low income lack 
access to the digital connections researchers use for online data collection, 
and they, like other consumers, may also lack familiarity with ordinary 
survey instruments. Thus, reaching them to learn about their motivations 
and experiences is difficult. Researchers can turn to other methods, such as 
ethnographic analysis, to better understand how people, particularly those 
with low incomes, interact with food and food waste. 

The relative expense of food is much higher for low-income than for 
higher-income consumers, even though the food available in their com-
munities may be of lower quality and less varied. Also, the food available 
through government allocations, food banks, and charities is different in 
many ways from that available to more affluent consumers. These are just 
two of the ways food may have different meanings for consumers with 
low-incomes and higher-incomes, and reasons they may respond differently 
to interventions to reduce food waste. However, the existing research on 
food waste and equity focuses primarily on the role of donations to feed 
those who are food insecure, rather than on identifying drivers or long-term 

1 A nudge is a modification of the way choices are presented (choice architecture) that influ-
ences behavior by such means as removing external barriers, expediting access, or altering the 
structure of the environment. In the context of food waste, a nudge might, for example, shift 
perception of the quantity of food (e.g., changing plate sizes); shift the appeal or quality of 
food (e.g., increasing the appeal of healthy foods); or make a behavior easier (e.g., offering 
healthy food in a cafeteria at the beginning of the line). 
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solutions related to improving equity or reducing food waste (Riches, 2011; 
Tarasuk and Eakin, 2005; Warshawsky, 2015).

The fact that low-income and more affluent consumers may respond 
to issues related to food waste differently suggests that they may need to 
be considered separately. However, multiple factors, including race, gender, 
and education level, intersect with poverty in ways that are important for 
food waste research, as for almost any social science research. The diverse 
motivations, contexts, and responses that influence all consumers call for a 
nuanced approach to research on both drivers of food waste behavior and 
interventions to change that behavior to take these differences into account. 
One way to do this is to apply the segmentation approaches used by food 
marketers to appeal to individual food preferences.

Where and How Consumers Buy Food 

Researchers focus on how consumers behave in various settings to 
understand what may influence their decisions about food acquisition and 
consumption. Thus they examine how and where consumers interact with 
food they obtain from food retailers, charities and other sources of free 
food, or online, or in food service venues.

Food Retailers

Supermarkets and supercenters 
Supermarkets and supercenters (hypermarkets) are the dominant 

sources of food for Americans, with pharmacies and dollar stores increas-
ingly becoming sources as well (Caspi et al., 2017). Supermarkets are 
relatively scarce in rural and some urban areas and also on American 
Indian reservations, however (Bird Jernigan et al., 2018). African Ameri-
can neighborhoods at all poverty levels have 40–70 percent fewer chain 
supermarkets per census tract relative to high-income white neighborhoods; 
Hispanic neighborhoods have only 14–40 percent as many supermarkets as 
non-Hispanic neighborhoods (Bower et al., 2014); and many individuals 
living on American Indian reservations depend on convenience stores for 
groceries (Bird Jernigan et al., 2018).

Different marketing, food assortment, and store design approaches 
can result in more or less food waste at the consumer level. Several  studies 
have found that modern supermarket and supercenter formats have a 
tendency to encourage consumers to overpurchase, resulting in more food 
waste, compared with traditional or smaller retail outlets (Lee, 2018; Soma, 
2019). Overpurchasing can be stimulated by such features as retail loyalty 
programs that hold a significant amount of consumer data and offer nudges 

http://www.nap.edu/25876


A National Strategy to Reduce Food Waste at the Consumer Level

Copyright National Academy of Sciences. All rights reserved.

FOOD WASTE, CONSUMERS, AND THE U.S. FOOD ENVIRONMENT  41

(e.g., redeemable rewards designed to entice them to make more purchases) 
(Carolan, 2018). Globally, an estimated 1.5 billion people have registered 
for such programs (Carolan, 2018). Other reasons for overacquisition are 
the ubiquity of promotional and “buy one, get one free” offers, the avail-
ability of many varieties of food, and offers that encourage stocking up 
(Lee, 2018; Soma, 2019). Although prompts, cues, and nudge-like strategies 
often encourage increased acquisition, these strategies could be redesigned 
to encourage consumers to buy “smarter,” which could reduce food waste. 

In addition to marketing strategies and the variety of foods offered, 
store design approaches, such as a store’s social dimensions or atmosphere, 
can encourage consumers to shop at a store (Baker et al., 2002). Attractive 
displays and a festive environment, for example, serve as cues to consumers 
to spend more time and buy more (Sneed, 2014). 

Other Places to Acquire Food 
In addition to conventional retail outlets, consumers have other options 

for purchasing food. For example, approximately 12 percent of American 
adults shop for food at farmers’ markets, a rate that is increasing (Dimitri 
and Effland, 2018). Consumers who frequent farmers’ markets are inter-
ested in more than food; they are also seeking social connections in the 
community, better connections with growers, sustainable foods, and ways 
to support the local economy (Zepeda, 2009). 

Food cooperatives, which are user owned, user controlled, and fo-
cused on distributing benefits to their members, are another alternative to 
corporate or multinational retail outlets (Curl, 2012). According to Zitcer 
(2015), sales at these venues have tripled in the past 10 years. Community-
supported agriculture (CSA), another outlet for acquiring food based on 
membership, offers a direct connection to farmers. The number of CSAs has 
increased significantly, rising from 1,700 in 2005 (Weise, 2005) to 7,398 in 
2015, when CSAs contributed $226 million in direct farmer-to-consumer 
sales (USDA, 2016). 

Charities, including food banks, soup kitchens, and food pantries,2 are 
part of the emergency food sector, serving the food insecure (more than 37 
million people in the United States) (Coleman-Jensen et al., 2019). Food 
banks generally acquire their inventories through donations, government 
foods, and institutional purchases. Donations generally make up the great-
est proportion of their inventories, and may include retail or farm surplus 
donations (Ross et al., 2013). One of the challenges associated with food 
bank donations is that they may not consist of culturally appropriate foods 
for their location, which may result in wasted food. 

2 Food banks serve as warehouses and food pantries serve the community by distributing 
food from those warehouses. 
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Finally, a small group of Americans acquire food from dumpster diving, 
identifying themselves as “freegans.” Others, especially in rural or remote 
communities, rely on hunting, fishing, and farming or acquire much of their 
produce from gardening. According to Ganglbauer and colleagues (2013), 
the benefits of gardening with respect to reducing food waste include that 
the food is readily available when needed. In addition, the work of culti-
vating, harvesting, and preserving (e.g., freezing and canning) food gives 
consumers a greater connection to its production, which has been shown to 
increase its perceived value and to reduce waste (Ganglbauer et al., 2013). 

New Models: Online-based Food Acquisition

Online grocery shopping for food that is delivered to the consumer’s 
doorstep or made available for store pickup is becoming increasingly popu-
lar. Prior to the COVID-19 pandemic, it was projected that 70 percent of 
U.S. shoppers could be purchasing their groceries online as early as 2022 
(FMI and Nielsen, 2018). The pandemic may accelerate the use of online 
shopping (IFIC Foundation, 2019a), although there are many uncertainties 
regarding its trajectory and its effects on the food system. 

In general, online grocery shoppers tend to make more repeat and 
frequent purchases, as well as to place larger orders, relative to traditional 
(nonfood) online shoppers (Yuan et al., 2016). Several features of online 
grocery shopping make these consumers a promising target for strategies 
to reduce food waste. For example, such nudges as “recommender sys-
tems” are core to online grocery shopping. Recommender systems expose 
consumers to new items that help them find complementary and relevant 
items quickly (Yuan et al., 2016). Like many emotional cues used by mar-
keters, however, these systems can also lead to unreflective exploratory 
behaviors and impulse buying that increase the likelihood of food waste. 
Further, the combination of recommendations and low search costs can 
prompt consumers to purchase food that does not match their preferences 
(Diehl, 2005), as has been seen with other types of products. In addition, 
the greater variety available online may prompt consumers to have higher 
expectations about product quality, leading to subsequent disappointment 
and a greater propensity to discard relative to smaller offline assortments 
(Diehl and Poynor, 2010). Online shopping also has the potential to affect 
consumers’ psychological distance from food and its meaning. 

Eating away from Home: The Influence of the Food Service Industry 

Before the COVID-19 pandemic made social distancing a health imper-
ative, Americans were eating out more than ever before, with expenditures 

http://www.nap.edu/25876


A National Strategy to Reduce Food Waste at the Consumer Level

Copyright National Academy of Sciences. All rights reserved.

FOOD WASTE, CONSUMERS, AND THE U.S. FOOD ENVIRONMENT  43

on food away from home surpassing those on food at home in 2010 
(Okrent et al., 2018) (Figure 2-1). As of this writing, the closing of food 
service venues during the pandemic to minimize transmission of the virus 
has forced consumers to eat at home more and likely affected other food-
related practices. The pandemic, which has disrupted all levels of the food 
system, is novel and unprecedented, so projections about eating away from 
home or other food-related behaviors are not possible. Before these changes 
occurred, however, individuals aged 22–37 were the group most likely to 
eat away from home; exhibited a greater preference for convenience foods, 
including ready-to-eat foods; and spent less time and money preparing 
food at home. Even when they did eat at home, they were more likely to 
purchase prepared foods (Kuhns and Saksena, 2017). 

In general, the popularity of eating away from home has resulted in a 
substantial increase in plate waste in U.S. restaurants over the past 30 years 
(Gunders, 2017). Although this is not a recent trend, academic research on 
drivers of consumer food waste has focused largely on drivers inside the 
home. The drivers operating at home and away from home are likely to 
differ significantly (see Chapter 3). 

Educational institutions are particularly promising venues for reduc-
ing food waste, not only because they are places of learning where lifelong 

FIGURE 2-1 In 2010, expenditures on food away from home surpassed those on food at 
home.
SOURCE: USDA/ERS (Elitzak and Okrent, 2018).
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habits are formed, but also because of the number of meals served. For 
example, the U.S. Department of Agriculture’s (USDA’s) Food and Nu-
trition Service, through the National School Lunch Program and School 
Breakfast Program, serves more than 31 million children per day in ap-
proximately 100,000 schools in the United States (95 percent of all schools 
and residential care institutions). The National School Lunch Program is 
usually administered by state education agencies, which operate the pro-
gram through agreements with school food authorities. 

Changing Trends in Consumer Payment

Financial trends and economic structures influence consumer practices. 
The advent of modern payment systems, such as digital wallet payments, 
and the increasing number of retailers and restaurants discouraging cash-
based payment or going completely cashless (Olson and Sweet, 2019) have 
resulted in increased consumer purchasing (Bourke et al., 2019). In a 2018 
survey of 1,222 American consumers, 23 percent of respondents reported 
using credit cards at supermarkets, while 62 percent said they used debit 
cards and only 13 percent cash (TSYS, 2019). Research has shown two 
results of the use of cashless payment: decreased awareness of spending 
with the absence of the physical aspect of exchanging cash for a product 
and reduced attention to price cues (Greenacre and Akbar, 2019; Prelec 
and Simester, 2001). It is reasonable to consider whether the growing use 
of card-based digital payment also contributes to overpurchasing of food 
and food waste. 

From a retail perspective, card-based payment can be combined with 
loyalty programs and tied to purchasing nudges (Carolan, 2018), such 
as reward points or discounts. For example, in a 2017 study of 1,200 
consumers, 68 percent of American respondents cited vendors’ use of re-
ward programs as the most attractive feature of paying by credit card, an 
increase from 55 percent in 2015 (TSYS, 2018). Some of the largest food 
retailers, including Target, Walmart, Costco, Amazon/Whole Foods, and 
Trader Joe’s, also offer reward points when consumers use the retailers’ 
own branded credit cards to make purchases at their stores. Accordingly, a 
better understanding of trends in the interaction among financial systems, 
consumer purchasing, and food consumption decisions is critical to under-
standing consumer practices related to food waste. 

The Role of Technology

Broadly speaking, food processing (e.g., freezing, canning, packaging) 
can be defined as any intentional change to a food occurring between the 
point of origin and availability for consumption. For consumers, processing 
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of food can increase its safety, quality, convenience, and nutritional value. 
The application of food technology in the manufacturing sector allows 
foods to be processed in ways that directly influence how consumers buy, 
prepare, and store their food. In this way, food technology has a profound 
impact on the amount of wasted food: it directly contributes to longer shelf 
lives for foods and to the availability of single-serve portions and prepared 
meals that can result in less potential for waste. 

A recent review examines technologies that can be implemented by the 
food manufacturing sector to decrease food waste at the consumer level, 
related to the design of the food itself, its processing, and its packaging 
(Tavill, 2020). For example, foods can be designed with formulas (e.g., pre-
servatives) and processes (e.g., freeze-dried) that result in longer shelf lives. 
Food packaging, including the use of modified-atmosphere packaging, can 
also increase shelf life. Food waste can also be reduced by such features as 
dispensing caps and reclosable zippers that can reduce accidental spillage. 
Still other technologies may help consumers navigate lack of time and en-
ergy and the cognitive demands of everyday life. These technologies include 
apps and other devices (e.g., online gamification tools, smart grocery carts) 
to help consumers with food planning during the acquisition, preparation, 
and storage and increase their awareness of their own food waste levels. As 
researchers continue to explore the efficacy of these technologies in reduc-
ing food waste, it will be important to consider other issues as well, such 
as consumer acceptability and access, safety, environmental impacts, and 
equity impacts.

Consumers’ Food Literacy 

Food literacy is a multidimensional concept that has been defined in 
many ways. For example, it has been defined from a nutrition and health 
perspective as referring to food-related knowledge, skills, and behaviors 
associated with “navigating the food system and using it in order to ensure 
a regular food intake that is consistent with nutrition recommendations” 
(Vidgen and Gallegos, 2014, p. 50). Others have characterized food lit-
eracy as encompassing such interconnected attributes as food and nutrition 
knowledge, food skills, self-efficacy, and confidence, as well as people’s food 
decisions and the influence of external factors (e.g., the food system, social 
determinants of health, sociocultural influences, and eating practices). For 
the purposes of this report, food literacy is defined as a set of knowledge 
and skills that help people with the daily preparation of healthy, tasty, af-
fordable meals for themselves and their families. That is, it includes both 
conceptual knowledge about food and the skills needed to plan, acquire, 
prepare, and store food. 

http://www.nap.edu/25876


A National Strategy to Reduce Food Waste at the Consumer Level

Copyright National Academy of Sciences. All rights reserved.

46 NATIONAL STRATEGY TO REDUCE FOOD WASTE

Aspects of food literacy most relevant to minimizing food waste are 
related to planning, preparing and cooking, and storing food. Food literacy 
has a significant influence on these behaviors because it is associated with 
a number of drivers of food waste at the consumer level (see Chapter 3). 
Because it is likely to be closely related to the root causes of food waste, 
its improvement should result in less food waste. For example, better 
knowledge about food safety and of improved methods for preparing and 
storing food allows people to maximize the life of their food. This section 
describes the most common sources of food and nutrition information in 
the United States. It also explains how some important knowledge gaps and 
misconceptions, particularly about food safety, are likely to relate to food 
waste at the consumer level. 

Sources of Food and Nutrition Information

Food literacy varies greatly among consumers, partly because they 
acquire information about food through a variety of sources, settings, and 
personal experiences. Some aspects of food literacy (e.g., knowing what 
parts of a food are edible) relate to culture and social norms. 

A frequent source of food and nutrition information is product mar-
keting at the physical or online store. In these settings, consumers face a 
challenging communication environment, including symbols on packages 
and a multitude of messages, some based on big data and personalized. 
Further, the messages encountered differ depending on the setting. Thus, 
for example, people with access to farmers’ markets and full-size grocery 
stores with a wide array of fresh and prepared foods may receive different 
information about food than do people with access only to convenience 
stores (NASEM, 2016). 

American consumers are also increasingly influenced by a growing 
industry centered on food-related television programming, celebrity chefs, 
and celebrities. For some consumers, this industry has facilitated a growing 
focus on the relationship between food and health and additional knowl-
edge about food preparation and planning, while for others it has encour-
aged spending less time planning and preparing meals (e.g., the use of meal 
kits) (NASEM, 2016). 

Government sources (e.g., the U.S. Centers for Disease Control and 
Prevention [CDC], the U.S. Food and Drug Administration [FDA], USDA) 
offer information to increase consumers’ knowledge about a variety of 
food-related topics, such as the health benefits of fruits and vegetables and 
food safety. Additional guidance for consumers can come from mobile 
apps, such as FoodKeeper, developed by USDA to help maximize food 
freshness and quality through storage advice for specific foods; the FDA’s 
Nutrition Facts label; or books (Gunders, 2015; Hard, 2018; James Beard 
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Foundation, 2018; Lightner, 2018). In one study, consumers reported that 
they often rely on more than one source for food-related information, 
but put the most trust in registered dietitian nutritionists and health care 
professionals, followed by scientific studies, wellness and fitness profession-
als, and government agencies. Least trusted were food manufacturers and 
news articles. And younger adults were more trusting of technology-based 
sources compared with older Americans (IFIC Foundation, 2018). Recently, 
the COVID-19 pandemic has driven many consumers to place more trust 
in government agencies, scientific studies, health care professionals, and 
friends and family (IFIC Foundation, 2019b). Still, consumers are much 
less likely to be exposed to government and evidence-based messages than 
to those from the food industry or influencers.

Increasingly, food literacy is being taught in schools. In the years fol-
lowing World War II, home economics programs that included cooking 
skills slowly disappeared, but many U.S. schools have started developing 
food literacy-related curricula involving school gardens and cooking pro-
grams (Blair, 2009). University courses have also emerged as an opportunity 
to develop food literacy. With a focus on literacy about food waste, the 
Food Waste Warrior Toolkit3 was developed by the World Wildlife Fund 
(WWF) to provide lessons, activities, and resources informing children of 
different ages about the effect of food waste on the planet. For children, 
family members are a frequent source of information, but the reverse is also 
true: children can be a vehicle for improving food literacy in the family by 
introducing skills learned in school. 

Consumers receive an immense volume and diversity of information 
about food through social and digital media and many other means. This 
information includes opinions, advice, and scientific information, and it can 
be contradictory, confusing consumers. American consumers need accurate 
and consistent information about how to plan, shop for, prepare, and store 
food, particularly at this pivotal moment as the food system’s supply chain 
continues to shift in response to the COVID-19 pandemic.

Myths about Food and Nutrition

A workshop held by the National Academies in 2016 addressed the 
growing gap between cultural interest in food and actual scientific food 
literacy, due in part to “pop culture nutrition noise” that has created a 
disconnect between science and food-related behaviors (NASEM, 2016, 
p. 23). A few misperceptions—or myths—about food quality, food safety, 
composting, and food production practices in particular influence food 
waste behaviors. 

3 See https://www.worldwildlife.org/teaching-resources/toolkits/food-waste-warrior-toolkit.
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Awareness about Wasted Food
Neff and colleagues (2015) studied U.S. consumers’ awareness, at-

titudes, and behaviors related to food waste using an online survey. Forty-
two percent of respondents had seen information about food waste. About 
62 percent described themselves as “very” or “fairly” knowledgeable about 
the subject; 69 percent reported discarding 10 percent or less of their food 
and only 10 percent reported discarding 30 percent or more. When asked 
how much of their household’s food waste could be avoided, only 29 per-
cent responded “a fair amount” or “a lot.” These results are at odds with 
current estimates of overall food waste at the consumer level, suggesting 
that consumers underreport their waste and that awareness of the problem 
could be improved. Worries about food poisoning and the desire to eat 
only the freshest food were the top reasons people cited for discarding food 
(see Figure 2-2), results that align with those of a 2019 survey that identi-
fied spoilage or staleness as the top reason foods end up in the garbage 
(83%) (IFIC Foundation, 2019a). That survey also revealed that among the 
motivations for reducing food discards, environmental concerns was last, 
highlighting the possible lack of knowledge in this area and an opportunity 
to intervene. 

Food Safety and Quality 
Although the CDC, FDA, and USDA all provide clear information 

regarding food preparation and safety, handling foods in a safe manner 
can be counterintuitive and a challenge in practice. For example, an FDA 

FIGURE 2-2 Responses regarding eight possible reasons for discarding food. 
NOTES: Percentages indicate the proportion of respondents who chose each response. Re-
stricted to respondents reporting in a separate question that they compost at least some of 
their food; percentages for all other motivations reflect the entire sample.
SOURCE: Neff et al., 2015.
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survey found that, despite their concerns about raw chicken (66%) and 
raw beef (41%) being contaminated, as many as 68 percent of consumers 
said they always washed raw chicken parts before cooking them, a practice 
not recommended by food safety experts because it increases the risk of 
cross-contamination of other foods and surfaces (FDA, 2016b). In another 
example, although proper food storage to maximize shelf life is the most 
common way consumers try to reduce wasted food (60%) (IFIC Founda-
tion, 2019a), studies have shown that consumers are confused about the 
meaning of shelf-life labels (i.e., date labels) (see Box 2-2). In terms of food 
quality, the 2019 IFIC Food and Health Survey cited above showed that 
having trust in a brand, recognizing the product ingredients, and knowing 
where their food comes from are all highly important for consumers (IFIC 
Foundation, 2019b). In addition, as described in Box 2-2, consumers often 
judge the quality of a food by its appearance, which results in the wasting 
of high-quality food.

Environmental Sustainability

The 2019 IFIC Food and Health Survey found that while environmen-
tal sustainability was the lowest-rated of the purchase drivers included in 
the survey, 6 in 10 consumers said it was difficult to determine whether the 
food choices they made were environmentally sustainable, and 63 percent 
of those respondents said environmental sustainability would have a greater 
influence on their choices if this information was clearer (IFIC Foundation, 
2019b). This lack of clarity is exemplified by two myths that may increase 
food waste: the perceptions that all packaging is bad for the environment 
and that composting is the best option for managing excess household food 
(Box 2-3). 

Nutrition

The 2019 IFIC Food and Health Survey found that 60 percent of 
consumers had seen the MyPlate graphic, a USDA tool designed to com-
municate dietary information. However, only 1 in 4 consumers surveyed 
said they sought health benefits from food (IFIC Foundation, 2019b). It is 
encouraging that in the 2014 FDA Health and Diet Survey, 77 percent of 
U.S. adult respondents reported using the Nutrition Facts label when buy-
ing food products (FDA, 2016a). Nevertheless, consumers appear to be 
confused about the benefits and risks of food processing; the misperception 
that fresh products provide more essential nutrients relative to processed 
products is particularly pervasive (see Box 2-4). This perception likely re-
sults in higher amounts of food waste, as consumers may favor perishable 
foods over frozen or canned foods. 
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BOX 2-2 
Myths about Food Safety and Quality

All date labels are related to food safety. Most	packaged	foods	in	the	United	
States	carry	a	date	label.	The	first	generation	of	code	dates	on	labels,	which	were	
largely	“blind”	to	consumers,	allowed	producers	to	better	manage	and	rotate	their	
inventories,	 track	production	performance	and	quality	metrics,	 respond	 to	 con-
sumer	complaints	or	inquiries,	and	identify	recall	products.	In	the	1990s,	with	the	
advent	of	the	Nutrition	Labeling	and	Education	Act	(NLEA),	producers	began	to	
see	more	demand	for	product	transparency	and	pressure	to	“decode”	their	date	
labels.	Although	the	NLEA	guidelines	set	clear	requirements	for	nutrition	labeling,	
consumer-facing	date	labeling	was	to	be	defined	and	implemented	voluntarily	by	
the	food	industry.	As	a	result,	companies	chose	certain	language	based	on	pack-
age	space	constraints,	marketing	purposes	(e.g.,	Budweiser’s	“born	on”	date),	or	
personal	 preference.	This	 lack	 of	 standardization	 has	 contributed	 to	 consumer	
confusion.	According	to	one	survey,	for	example,	the	majority	of	consumers	have	
the	misconception	that	the	phrase	“use	by”	indicates	the	last	date	the	food	is	safe	
for	consumption,	and	 fewer	 than	half	of	 respondents	correctly	defined	 “sell	by”	
date.	Therefore,	although	many	people	 throw	 food	away	once	 the	date	on	 the	
label	passes,	for	most	foods	the	date	is	a	manufacturer’s	best	guess	as	to	how	
long	the	product	will	be	at	its	peak	quality	(Broad	Lieb	et	al.,	2016).	Most	products	
are	still	perfectly	edible	 for	days	(milk,	yogurt),	weeks	(cereal,	salty	snacks),	or	
even	months	(frozen	and	canned	goods)	past	the	date	on	the	label.	

“Ugly” produce is not as good for you as produce of “perfect” quality. Pro-
duce’s	appearance	(e.g.,	shape,	color)	is	often	erroneously	taken	to	be	a	signal	of	
its	internal	quality,	whether	evaluated	in	terms	of	nutrition	or	taste.	Interpersonal	
perception	research	has	established	the	existence	of	a	robust	belief	that	external	
beauty	is	an	indicator	of	internal	goodness	(Dion	et	al.,	1972;	Eagly	et	al.,	1991)	
across	many	different	types	of	products,	from	financial	documents	(Townsend	and	
Shu,	2010)	to	packaged	goods	(Raghubir	and	Greenleaf,	2006).	In	the	domain	of	
foods,	this	finding	would	suggest	that	consumers	would	assume	food	that	fails	to	
conform	to	typical	appearance	expectations	(e.g.,	a	carrot	with	appendages)	is	of	
a	lesser	quality.	Moreover,	consumers	may	show	confirmatory	bias	that	reinforces	
this	myth:	because	they	expect	ugly	produce	to	taste	worse,	they	may	experience	
the	 taste	of	 that	produce	more	negatively.	Even	when	researchers	assure	con-
sumers	that	undamaged	food	(not	bruised	or	punctured)	is	safe	to	eat,	its	ugliness	
alone	 can	 be	 interpreted	 as	 a	 sign	 of	 reduced	 quality.	Grewal	 and	 colleagues	
(2018)	also	 found	 that	unless	external	 forces	either	bolstered	consumers’	 self-
esteem	or	directed	them	to	discount	the	attractiveness	of	food,	they	interpreted	
consumption	of	 unattractive	 produce	as	 a	 signal	 that	 they	 themselves	were	 of	
lesser	worth.	Thus,	 the	myth	 that	what	 is	beautiful	 is	good	(and	what	 is	ugly	 is	
bad)	affects	not	only	consumption	tendencies	but	also	the	consumer’s	self-image.
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BOX 2-3 
Myths about Food and the Environment

Disposing of packaging is worse for the environment than disposing of food.

According	to	a	2015	study	by	Sealed	Air,a	9	in	10	consumers	incorrectly	believed	
that	all	packaging	 is	worse	for	 the	environment	 than	 is	discarded	food.	Misper-
ceptions	of	the	environmental	impacts	of	packaging	relative	to	the	environmental	
investment	in	food	obscures	the	fact	that	packaging	can	play	an	important	role	in	
reducing	food	waste	(AMERIPEN,	2018).	According	to	a	2016	study	by	Rethink	
Food	Waste	Through	Economics	and	Data	(ReFED),	packaging is	one	of	three	
food	waste	prevention	strategies	that	has	the	greatest	economic	and	environmen-
tal	impact	(ReFED,	2016). Packaging	can	play	a	critical	role	in	sustainable	food	
systems,	protecting	products	from	damage,	spoilage,	and	contamination	all	along	
the	value	chain,	from	where	it	 is	grown	to	the	point	of	consumption,	whether	at	
home	or	away	from	home.	

Disposing of food that I don’t eat is not bad for the environment because 
I am composting it. Composting	is	a	better	choice	as	a	discard	destination	for	
uneaten	 food	 relative	 to	disposal	 in	a	 landfill	 in	 terms	of	environmental	 conse-
quences	 (EPA,	 2020)	 because	 it	 produces	 dramatically	 fewer	 greenhouse	 gas	
emissions.	 In	 addition,	 the	 resulting	 compost	 material	 can	 be	 put	 to	 use	 in	 a	
number	 of	 excellent	ways,	 such	 as	 fertilizer	 replacement,	water	 retention,	 and	
carbon	sequestration.	Despite	these	advantages,	composting	is	not	the	best	ap-
proach	to	managing	edible	but	uneaten	food:	the	benefits	of	reducing	food	waste	
by	acquiring	only	what	will	be	consumed	and	consuming	all	the	edible	parts,	which	
include	saving	resources	and	reducing	the	environmental	impacts	of	food	produc-
tion,	far	outweigh	the	benefits	of	composting.	However,	researchers	have	found	
that	41	percent	of	people	feel	less	guilty	about	discarding	food	if	they	compost	it	
rather	than	throw	it	away	(Neff	et	al.,	2015).	This	so-called	“licensing	effect”	can	
be	 characterized	as	a	myth	 in	 the	 sense	 that	 consumers’	misunderstanding	of	
the	appropriate	use	of	composting	can	result	in	greater	environmental	impacts.	

a	 Personal	 communication.	Sealed	Air.	 2017.	 Internal life cycle study. Emails with Terry 
Grill and Ron Cotterman.
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EFFORTS TO ADDRESS CONSUMER FOOD WASTE

The past decade has seen significant momentum to address food waste, 
in part because the publication of several seminal reports raised awareness 
of the substantial rates of waste across the food system (e.g., Gunders, 
2017). Researchers and other stakeholders have not only communicated 
the magnitude of the problem but also sought approaches for addressing it. 

The problem has generated great interest among the food industry 
(e.g., the Food Waste Reduction Alliance [FWRA]); environmental orga-
nizations (e.g., the Natural Resources Defense Council, WWF, the World 
Resources Institute); food justice groups (e.g., Feeding America); and oth-
ers. Each of these groups has different goals, including increasing food 
production efficiencies, decreasing greenhouse gas emissions, improving 
resource efficiencies, and ensuring food security in communities. Groups 
focused exclusively on the mission of reducing food waste have produced 
important reports to raise awareness and provide roadmaps and practical 
solutions (e.g., ReFED in the United States, the Waste and Resources Action 
Programme in the United Kingdom). Many organizations have developed 
guidelines to help institutions and consumers reduce food waste (see Table 
C-2 in Appendix C). 

The 2015 United Nations Agenda for Sustainable Development specifi-
cally addressed food waste, calling for a 50 percent per capita reduction 
in wasted food at the retail and consumer levels and a reduction in food 

BOX 2-4 
Myths about Nutrition

Only fresh fruits and vegetables provide the necessary nutrients for a 
healthy diet. Marketing	and	education	programs	often	present	 fresh	 fruits	and	
vegetables	 as	 the	 best	 source	 of	 quality	 nutrients.	 This	 assertion	 can	 lead	 to	
unintended	consequences,	such	as	consumers	questioning	the	nutritional	quality	
of	other	forms	of	produce.	Yet	perishables	are	more	likely	to	be	discarded	than	
frozen	and	canned	products	because	of	their	shorter	shelf	lives.	They	also	often	
travel	from	other	states	or	even	other	countries,	which	affects	their	freshness	and	
nutritional	content.	Grocers	and	other	retail	outlets	offer	flash	frozen	and	canned	
produce	that	could	help	many	Americans	meet	dietary	recommendations.	These	
products	are	convenient;	generally	are	 less	expensive	than	their	 fresh	counter-
parts;	and,	important	to	this	report,	have	a	much	longer	shelf	life.	A	study	by	Michi-
gan	State	University	Extension	found	that	canned	fruits	and	vegetables	are	just	
as	nutritious	as	fresh	or	frozen.	Moreover,	fiber	found	in	legumes	becomes	more	
soluble	during	canning,	making	canned	beans	a	more	acceptable	choice	for	those	
consumers	who	have	difficulty	digesting	legumes	(Miller	and	Knudsen,	2014).	
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losses along the supply chain by 2030 (United Nations, 2020). According 
to projections, those reductions would have vast effects on food security, 
land available for agriculture, and greenhouse gas emissions (Searchinger 
et al., 2018; Springmann et al., 2018). Another noteworthy international 
initiative is Champions 12.3, a coalition of leaders from government, busi-
ness, international organizations, research institutions, farmer groups, and 
civil society dedicated to “inspiring ambition, mobilizing action, and ac-
celerating progress toward achieving SDG [Sustainable Development Goals] 
Target 12.3 by 2030.”4 This group convenes to assess progress, share expe-
riences in overcoming barriers and success stories, and identify opportuni-
ties. Many other governmental and nongovernmental initiatives in countries 
around the world are contributing to the momentum. 

U.S. Government Initiatives 

In addition to their individual activities related to food waste (e.g., edu-
cational material on date labels, support for research), relevant U.S. federal 
agencies have engaged in interagency collaborations to address the problem. 
In 2015, EPA and USDA called for a first national goal of a 50 percent re-
duction in food loss and waste by 2030, which stimulated great motivation 
to act among businesses and organizations. Of note is the creation of the 
Food Loss and Waste 2030 Champions voluntary program, which features 
businesses and organizations that have committed to reducing food loss and 
waste in their own operations in the United States by 50 percent by 2030 
(see examples of their work in Table C-3 in Appendix C).

Federal government efforts resulted in the announcement of the 2019 
U.S. interagency (EPA, USDA, and FDA) Winning on Reducing Food Waste 
Initiative, which recently published a strategic plan (EPA, 2019).5 In Con-
gress, changes to federal policy are being considered, such as the Food Date 
Labeling Act, which would standardize the language on date labels at the 
national level so consumers would better understand their meaning. Other 
proposed federal legislation, the School Food Recovery Act, would provide 
resources for schools to implement food waste education programs. 

Motivated by the 2030 goal, many state and local governments have 
adopted policies and plans for reducing the amount of food that is wasted 
in their jurisdictions (Gorski et al., 2017). Many of these efforts have fo-
cused on recycling wasted food by encouraging composting and instituting 
landfill bans. As many as one-fourth of communities in the United States 
have implemented unit-based pricing policies whereby residents pay for 

4  See https://champions123.org/about/.
5 See https://www.epa.gov/sustainable-management-food/winning-reducing-food-waste-federal- 

interagency-strategy.

http://www.nap.edu/25876


A National Strategy to Reduce Food Waste at the Consumer Level

Copyright National Academy of Sciences. All rights reserved.

54 NATIONAL STRATEGY TO REDUCE FOOD WASTE

the removal of municipal solid waste per unit of waste collected rather 
than through a fixed fee or property taxes (EPA, 2016). These policies 
have been successful at reducing food waste (see also Chapter 4). Although 
not directly intended for source reduction, policies that ban the disposal 
of organic materials in landfills, introduced in six states and seven munici-
palities as of 2019 (Sandson and Broad Leib, 2019), may help reduce food 
waste. These initiatives and programs are relatively new and have not been 
in place long enough for their effects on reducing the amount of wasted 
food in the United States to be evaluated (see Box C-1 in Appendix C for 
some examples).

U.S. Food Industry Efforts 

Like consumers, the U.S. food industry is diverse across many dimen-
sions, including culture and philosophy. At many companies, however, 
reducing food waste is viewed as the right thing to do and as a component 
of an overall sustainability strategy. For example, advancing packaging and 
processing technologies to make food last longer has long been a priority in 
the manufacturing sector. Although originally designed to improve safety, 
convenience, and quality, these technologies are now at the core of reducing 
food waste throughout the food system, including at the consumer level. 
Numerous manufacturers are working to improve these technologies and 
their acceptability to consumers.

The retail and food service industries interact with consumers in var-
ied and complex ways. These businesses have direct relationships with 
consumers and seek to earn and retain their trust, loyalty, and patronage. 
They also have reason to prompt consumers to purchase more and different 
foods, and they use their understanding of consumers’ motivations related 
to acquiring food, as well as marketing tactics, to influence consumers’ 
purchases. 

Although retaining consumers and selling more food are sensible goals 
for businesses, many of the tactics they use may have unintended conse-
quences, including unnecessary food waste by consumers. For example, 
larger serving sizes are particularly appealing to value-oriented consumers, 
regardless of the potential for excess food to be wasted. The fear of losing 
customers may discourage many businesses, particularly restaurants, from 
offering smaller serving sizes. In the retail sector, such strategies as nonlin-
ear pricing schemes that promote the purchase of larger sizes have been 
used as a means of nudging consumers toward choices that yield greater 
profit (Dobson and Gerstner, 2010). Further, food delivery services, which 
have become even more popular during the COVID-19 pandemic, have 
virtually no incentive to encourage consumers to eat already-purchased 
foods, since this waste-reducing behavior might compromise their growth. 
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Nevertheless, most companies in the food industry (manufacturers, 
retailers, and food service venues) recognize the importance of reducing 
food waste within their own operations. Empirical data show that food 
businesses can reap economic benefits from investing in approaches to re-
duce food waste (Hanson and Mitchell, 2017). It may be counterintuitive, 
however, for businesses to strive to help consumers waste less food if they 
believe doing so might decrease appeal to customers and profits. Moreover, 
leaders might not be aware of the important nonfinancial reasons for reduc-
ing food loss and waste, related to food security, environmental sustainabil-
ity, stakeholder relationships, and a sense of ethical responsibility.

There are opportunities for the food industry to promote consumer 
behaviors that result in reductions in food waste while maintaining eco-
nomic sustainability. The adoption of voluntary environmental programs 
(e.g., Carbon Disclosure Project, Global Reporting Initiative, Leadership in 
Engineering and Environmental Design, International Standard for Orga-
nization [ISO] 14001, or the Certified Green Restaurant standard) that are 
administered by third-party organizations can bring increased customer loy-
alty (Borck and Coglianese, 2009). Being able to communicate credibly that 
they are taking action to support waste reduction or other beneficial goals 
(e.g., pollution control) may make companies more attractive to potential 
consumers. Despite their effectiveness,6 however, these certification pro-
grams are largely silent on specific actions businesses can take to decrease 
waste that might be generated by their consumers as a consequence of their 
operations. Even in the case of the Certified Green Restaurant standard, 
only two of the hundreds of qualifying practices support reducing waste 
created by consumers (e.g., offering smaller reduced-price versions for at 
least half of all entrees or offering bread only upon request).

Three sectors of the food industry—manufacturers, retailers, and 
restaurants—have collaborated on efforts to reduce food waste in their 
operations through the FWRA, which was initiated in 2011 and focused 
initially on assessing food waste and associated practices. Recently, the 
FWRA entered a formal agreement with USDA, EPA, and FDA to support 
the interagency Winning on Reducing Food Waste Initiative. 

Thus far, most industry efforts have focused on businesses’ opera-
tions, with less attention to decreasing consumer food waste. However, 
some individual companies have already publicly committed to increasing 
their efforts to reduce food waste, for example, by offering trayless dining 

6 ISO 14001, for example, is a standardized environmental management system (EMS) that 
has been implemented by more than 300,000 organizations globally. An EMS helps organiza-
tions develop a holistic approach to identifying, managing, monitoring, and controlling aspects 
of operations that can affect the natural environment. Firms that have adopted the ISO 14001 
EMS may be certified by third-party certifiers who can then credibly communicate firm adop-
tion and adherence. For evidence of the effectiveness of ISO 14001, see Boiral et al. (2018).
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or smaller portion sizes (see Table C-3 in Appendix C for additional ex-
amples). In addition, the Consumer Brands Association (formerly known 
as the Grocery Manufacturers Association) and FMI-The Food Industry 
Association (formerly the Food Marketing Institute) have collaborated to 
develop a set of voluntary standards for date labeling to help consumers 
make better decisions about acquiring and utilizing food, which could result 
in less disposal of wholesome food. An example of a relevant initiative is 
guidance developed in the United Kingdom for retailers on how to develop 
food promotions that will not contribute to increased food waste.7

At the regional level, such initiatives as the West Coast Voluntary 
Agreement to Reduce Wasted Food,8 which recently called for the engage-
ment of food retailers and their supply chain partners to reduce and prevent 
food waste by 50 percent by 2030, show promise. At the global level, the 
Consumers Goods Forum,9 a global association of 400 companies repre-
senting $2.7 trillion in combined annual sales, has committed to halving 
food waste by 2025. 

SUMMARY AND CONCLUSIONS

A systems approach to reducing consumer food waste is premised 
on the fact that consumers are embedded within multiple systems (natu-
ral, economic, political, and technological) and that positively influencing 
consumer practices requires an understanding of interactions within these 
systems. Therefore, addressing the problem requires moving beyond con-
sumers and examining the myriad influences on their food waste behaviors 
within the larger food system. This chapter serves as the foundation for 
the discussion in Chapter 3 of the drivers of consumer behavior that have 
been identified in the scientific literature, which operate at the individual, 
intrapersonal, and interpersonal levels, as well as the broader, societal level.

CONCLUSION 2-1: Consumers’ decisions about food are influenced 
by such individual factors as income, attitudes, and knowledge. Con-
sumers are also embedded within a food system that includes natural, 
economic, political, social, and technological contexts. The drivers of 
consumer food waste need to be understood in the context of interac-
tions within the food system, including the manufacturing, retail, and 
food service sectors, as well as food-related media and advertising. 

7 See https://www.wrap.org.uk/sites/files/wrap/Food%20Promotions-%20Guidance%20for%20 
Retailers.pdf.

8 See http://pacificcoastcollaborative.org.
9 See https://www.theconsumergoodsforum.com.
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CONCLUSION 2-2: Consumers’ knowledge and attitudes with respect 
to food safety and quality, nutrition, and food waste are influenced by 
norms and culture, as well as information from many sources, includ-
ing government, marketing, social media, public campaigns, and other 
sources that are not always accurate and evidence-based or culturally 
appropriate. Addressing consumers’ misconceptions about food is a 
promising goal for any effort to reduce food waste.

CONCLUSION 2-3: Individual companies, government entities, indus-
try and public–private partnerships, and nonprofit organizations have 
undertaken significant efforts to reduce food waste, but few of these 
efforts have targeted consumer-level food waste, and the efforts have 
not been coordinated or systematically evaluated. 

CONCLUSION 2-4: The food industry, including retailers, food service 
providers, and manufacturers, has a substantial influence on consum-
ers’ decisions about food, which can be used to reduce food waste at 
the consumer level. Identifying business and marketing practices that 
can serve customers and generate profits while also discouraging food 
waste is a promising goal for food waste reduction efforts.
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3

Drivers of Food Waste at the 
Consumer Level and Implications 

for Intervention Design 

The reasons that consumers waste food are diverse and complex, but 
understanding them is critical to identifying effective ways to reduce 
food waste. As in many behavioral domains, consumers’ actions in 

this area are driven by cultural, personal, political, geographic, biological, 
and economic factors that influence conscious and unconscious decisions. 
Researchers refer to the influences from all of these factors as the “drivers” 
of individual consumer behavior (see Chapter 1). Clearly, these factors are 
not always within the individual’s control. This report uses “drivers” as a 
general term that encompasses causal factors; factors that may be statisti-
cally correlated; and “intervening factors,” sometimes termed “mediators” 
or “moderators” that help explain causal pathways. In addition, drivers 
can include both the presence of factors that tend to promote a given 
behavior, such as, in the case of food waste, large portion sizes offered at 
restaurants, and the absence of factors that discourage a behavior, such as 
lack of knowledge of the negative consequences of an action.

Researchers from diverse disciplines, including psychology, economics, 
public health, and sociology, have made contributions to understanding the 
drivers of consumer behaviors, and identified numerous links between par-
ticular influences and actions, as discussed in Chapter 1. To make action-
able recommendations for food waste reduction strategies as directed by the 
study charge (Box 1-1 in Chapter 1), the committee first sought evidence 
about the drivers of consumer behavior from research in six related fields: 
energy conservation, recycling, water conservation, waste prevention, diet 
change, and weight management. Conclusions from this work allowed us 
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to note lessons learned in other domains that may be applicable to future 
food waste research and intervention design. 

The committee then turned to identifying drivers specific to food waste 
both at and away from home. We identified 160 specific drivers supported 
by the literature, which we then clustered into 11 categories—types of driv-
ers that may realistically be modified. This process allowed us to examine 
the characteristics of those drivers best supported by the literature, in terms 
of both the mechanism by which they operate (motivation, opportunity, 
and/or ability; see Chapter 1 and Appendix E) and the contexts in which 
they operate (at or away from home; related to food acquisition, consump-
tion, or disposal). The chapter closes with the committee’s conclusions 
about drivers particularly likely to be useful in the design of interventions 
to reduce consumer food waste. 

UNDERSTANDING DRIVERS OF  
BEHAVIOR IN OTHER DOMAINS

The committee conducted literature searches across the six related do-
mains, focusing on systematic reviews and meta-analyses. These searches, 
conducted in ProQuest Research Library, PubMed, and Scopus, yielded 
a total of 406 reviews; the search process and method for analyzing the 
results are described in Appendix B. Some selected original studies with 
relevant insights were also reviewed. This section presents the committee’s 
insights about the drivers of consumer behavior at or away from home with 
potential relevance for wasted food and a few general observations. 

Motivation, Opportunity, and Ability  
Work Together to Drive Behavior

Chapter 1 details reasons why the motivation-opportunity-ability 
(MOA) framework provides a valuable approach for analyzing drivers of 
food waste behavior and considering interventions to change that behavior. 
This first section highlights empirical evidence that supports the validity of 
this framework. In the context of water conservation, for example, house-
holds were found to be more likely to adopt desired behaviors when they 
felt capable, were motivated, and had the opportunity to participate in the 
targeted behavior (Addo et al., 2018; Geiger et al., 2019). A meta-analysis 
of the causal mechanisms of water conservation behavior showed that op-
portunity was a moderate predictor of behavior, followed by motivation 
and then ability; the three together explained 37 percent of the variance in 
household behavior (Addo et al., 2018). This evidence reinforces the idea 
that combinations of drivers that address motivation, opportunity, and 
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ability should be considered jointly in both understanding behavior and 
designing potential interventions.

Sociodemographic Variables Are Often Insufficient 
or Poor Predictors of Behavior

Sociodemographic factors may alter consumers’ motivation, oppor-
tunity, or ability to behave in certain ways, and thus might appear to be 
important drivers to consider in the food waste and other domains. How-
ever, significant cultural variation at every socioeconomic level results in a 
wide range of routines, norms, and beliefs related to food. Further, some 
demographic characteristics are relatively fixed, while others can change. 
Often, therefore, these factors can obscure more than they clarify, and 
meaningful inferences will be based on examination of specific relationships 
among factors. 

Research findings on the extent to which sociodemographic factors pre-
dict proenvironmental behavior are mixed. While some studies show cor-
relation between specific behaviors and sociodemographic variables (e.g., 
Addo et al., 2018; Cox et al., 2010; Whitmarsh et al., 2018), others show 
different results, such as that sociodemographic variables have no signifi-
cant influence on proenvironmental behavior (Li et al., 2019); that only 
income predicts recycling behavior (Miafodzyeva and Brandt, 2013); or 
that while well-educated people are generally more committed to resource 
conservation, they actually consume more (Koop et al., 2019).

Although there are trends in how sociodemographic variables may be 
associated with behaviors, many studies indicate that these variables con-
tribute little to understanding of proenvironmental behavior and that psy-
chological factors are more successful in predicting behavior and behavior 
change (Li et al., 2019). One meta-analysis suggests that, according to the 
studies examined, there was no need to tailor recycling interventions to dif-
ferent groups, in particular to households, students, or employees, because 
similar factors appeared to underlie the behavior of all of these groups (Gei-
ger et al., 2019). Other studies within the six domains have illustrated that 
as a behavior (e.g., recycling) becomes habit, sociodemographic variables 
may no longer predict or significantly influence behavior (Miafodzyeva and 
Brandt, 2013; Soderhorn, 2010). 

These nuanced findings suggest a need for careful attention to the 
strength of evidence about the roles of the different sociodemographic 
factors in the food waste literature, as well as consideration of whether 
any observed associations are causal or reflect the fact that demographics 
sometimes serve as partial proxies for other, more relevant factors. In the 
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food waste domain, the effect of sociodemographic factors has not been 
studied in depth. (A few inconclusive studies are mentioned in Chapter 2.) 

Some Motivational Factors Are More Effective 
Drivers of Behavior than Others

It is tempting to think that simply having enough information about 
a given behavior or its impacts will change individuals’ choices. However, 
research in the six related domains shows that knowledge or information 
alone is insufficient as a predictor of people’s ability (i.e., knowledge for 
action) to change and maintain behavior (Abrahamse and Steg, 2013). By 
contrast, motivational factors, such as altered attitudes toward outcomes, 
values, agency, or perceived control, and social norms have been found to 
be more effective drivers of behavior (Li et al., 2019; Miafodzyeva and 
Brandt, 2013; Samdal et al., 2017). This is particularly true when con-
sumers have baseline knowledge or can readily obtain it, with sufficient 
motivation. 

Further, not all motivational factors are egocentric: several meta-
analyses illustrate that proenvironmental behavior is driven more by 
normative (and sometimes environmental) concerns than by individual costs 
and benefits (Geiger et al., 2019; Miafodzyeva and Brandt, 2013). Similarly, 
environmental attitudes and beliefs, concerns about the future, and an 
individual’s sense of responsibility—all of which can shape motivation—
may be more important drivers of proenvironmental behavior relative to 
sociodemographic variables (Li et al., 2019).  

Norms play a particularly important role in behavior change. Moral 
norms (i.e., when people feel that doing something aligns with an abstract 
right or wrong); injunctive social norms (i.e., what one ought to do); and 
descriptive social norms (i.e., perceptions of what most people are doing) 
have increased in many societies and are strongly correlated with behavior 
(Miafodzyeva and Brandt, 2013; Whitmarsh et al., 2018). Moreover, activi-
ties that are presented as useful, pleasant, important, and widely accepted 
are more likely to be adopted and sustained than those that are viewed as 
someone else’s responsibility or inconvenient, or those that require a high 
bar of self-efficacy or locus of control (Cox et al., 2010; Miafodzyeva and 
Brandt, 2013). One caveat to this finding with relevance to food waste is 
that it may not always apply to prevention behaviors that are unseen (e.g., 
changing acquisition behaviors to purchase less in the first place). When an 
action is not visible—as is frequently the case for those actions categorized 
as prevention—social norms are unlikely to develop (Cox et al., 2010). 
Thus, one cannot assume that social norms drive food waste in the same 
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way—or should be managed in the same way—as they might in other be-
havioral contexts.

Contextual Factors1 Influence,  
and May Override, Other Drivers 

A variety of evidence highlights the important influence of contextual 
factors and barriers on behavior in the six related domains. Several meta-
analyses of household recycling interventions found that although research-
ers seldom considered such contextual factors as availability of curbside 
or convenient recycling, a bin at home, or space to store recycling before 
pickup (Geiger et al., 2019; Varotto and Spagnolli, 2017), they were strong 
predictors of waste reduction and recycling behavior (Geiger et al., 2019; 
Whitmarsh et al., 2018). A review of the literature on water conservation 
behavior found that water pricing was the most important variable explain-
ing differences in domestic consumption in 10 Organisation for Economic 
Co-operation and Development countries (Koop et al., 2019). Other studies 
suggest that psychosocial factors, such as attitudes and norms, are insuf-
ficient for overriding structural barriers to behavior (Karlin et al., 2015). 

Despite the evidence regarding the importance of context, different mo-
tivations and barriers operate in different contexts, and people’s actions are 
therefore inconsistent across different times and places (Nash et al., 2017; 
Verplanken, 2018; Whitmarsh et al., 2018). Similarly, the effects of behav-
ioral drivers may differ over time, both societally and individually, so driv-
ers of food waste should not be considered static across time and contexts. 
Also, little is known about how drivers may differ at different phases in 
the behavior change process (Samdal et al., 2017). These findings illustrate 
that contextual factors vary and that those that change opportunity (e.g., 
marketing tactics, technology, the built environment, policies) at the food 
acquisition, consumption, storage, and disposal stages are similarly likely 
to affect food waste-related behaviors, independent of motivation or ability. 
Based on the number of and wide variation in contextual factors included 
among the summative drivers identified by the committee (see below), their 
importance and interactions with other drivers will need to be assessed for 
each population and setting.

1 Contextual factors are characteristics unique to a particular group, community, society, or 
individual. These factors include, but are not limited to, personal, social, cultural, economic, 
and political factors that exist in differing ways and have varying impacts across population 
groups.

http://www.nap.edu/25876


A National Strategy to Reduce Food Waste at the Consumer Level

Copyright National Academy of Sciences. All rights reserved.

68 NATIONAL STRATEGY TO REDUCE FOOD WASTE

Drivers Related to Habits2 Play a Key Role in the Way 
Behaviors Are Initiated, Sustained, or Disrupted

Habits are automatic once created. Although research on habits has 
implications for food waste, it is important to note that habits (e.g., avoid-
ing the frozen foods areas of a retail store or remaining unaware of wasted 
food) vary in terms of their costs (e.g., in effort and time) and benefits 
(e.g., financial, health-related), so each specific habit needs to be examined 
individually. Nevertheless, there are valuable lessons with respect to habits 
for efforts to reduce food waste.

Multiple drivers may influence both the breaking of old habits and the 
establishment and maintenance of new ones, and it is therefore important 
to consider those drivers both separately and jointly. Drivers that operate 
through reflective mechanisms—that is, conscious cognitive processes—
have received more research attention than have habits. However, there is 
evidence that the two have different effects; for example, established habits 
are not easily influenced by values and norms, and they predict and sustain 
behaviors because they are automatic (Cox et al., 2010; Miafodzyeva and 
Brandt, 2013; Whitmarsh et al., 2018) (see Chapter 1 for a discussion of 
reflective versus more automatic behaviors). Behavioral interventions aimed 
at altering habits have been less effective than interventions aimed at influ-
encing single-action behaviors (e.g., buying an energy-efficient appliance) 
(Nisa et al., 2019). At the same time, interventions that have been success-
ful in creating a new habit reveal that automatized behaviors are easier to 
sustain (Nisa et al., 2019). 

There is reason to believe that drivers that prompt people to adopt new 
behaviors are different from those that help people maintain a behavior as 
part of a new habit, although more research is needed in this area (Mia-
fodzyeva and Brandt, 2013; Samdal et al., 2017). A systematic review of 
behavioral change theories found that people need at least one sustained 
motivator to maintain a behavior change, and will often initiate a change 
when motivation is high and effort is low (Kwasnicka et al., 2016). This 
study also suggests that when motivation decreases and effort or costs 
increase, people will often need some way to self-monitor in order to sus-
tain the change; this can be challenging when stress, fatigue, or financial 
pressures exert countervailing influences. Once a new behavior becomes a 
habit, external factors (e.g., changes in motivation or effort) are less likely 
to affect that behavior, and stable contexts can make behavior maintenance 
easier (Kwasnicka et al., 2016). These findings suggest the importance of 

2 Habits are context–behavior associations in memory that develop as people repeatedly 
experience rewards for a given action in a given context. Habitual behavior is cued directly 
by context and does not require supporting goals and conscious intentions (Mazar and 
Wood, 2018).
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carrying out further work to identify drivers related to the adoption and 
maintenance of new habits (Nisa et al., 2019) and of considering the role 
of habits in food waste behaviors and their interaction with the motivation, 
opportunity, and ability elements of the MOA framework.

UNDERSTANDING CONSUMERS’ FOOD WASTE BEHAVIOR

With the above findings from the six related domains in mind, the com-
mittee reviewed the literature specific to drivers of food waste, both in the 
household and away from home (see Appendix B for details on the search 
approach) to identify drivers and specific causal mechanisms that result in 
food waste and prioritize them by level of impact. The research focused on 
food waste is limited and emerging, and as discussed at the close of this 
chapter, the existing evidence did not support the development of so precise 
a list. However, the available literature does offer some important insights 
to guide further exploration of drivers of consumers’ food waste behavior 
from a systems perspective, as well as an approach to guide the design of 
interventions to reduce food waste at the consumer level and the additional 
research needed to build on these ideas.

How Consumers Come to Waste Food: Modifiable Drivers

The committee reviewed the literature on food waste at and away from 
home, including in K–12 school settings, colleges/universities, hospitals, 
hotels, and restaurants. Three systematic reviews of household food waste 
were particularly helpful (Roodhuyzen et al., 2017; Schanes et al., 2018; 
Stangherlin and de Barcellos, 2018). We used peer-reviewed studies with 
original data only to identify drivers of food waste outside the home be-
cause we could find no systematic review on that topic. These peer-reviewed 
studies focused largely on specific locations where food is discarded, such 
as schools and colleges, health care facilities, food service and restaurant 
venues, and cafeterias (e.g., Chen and Jai, 2018; Haas et al., 2014; Lorenz 
et al., 2017a,b). Through this review, we identified 160 drivers that research 
has suggested may be important contributors to consumer food waste.  

To make their utility for the design of food waste reduction interven-
tions more apparent, we clustered the individual drivers into categories, or 
summative drivers. Our focus was on identifying clusters of drivers that (1) 
reflect the importance of motivation, ability, and opportunity; (2) play an 
important role in determining consumer food waste behavior; and (3) might 
translate to interventions—that is, would potentially be modifiable. This 
process resulted in the identification of 11 summative drivers that evidence 
indicates are promising targets for reducing food waste, listed in Box 3-1. 
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Each of these 11 summative drivers represents a cluster of drivers 
synthesized from evidence across multiple studies covered in our search. 
Examples of individual drivers identified within each summative driver can 
be found in Tables 3-1 through 3-11, which are organized using the MOA 
framework described in Chapter 1. These examples are meant to depict the 
primary element (i.e., motivation, opportunity, or ability) by which the spe-
cific driver works. These examples also show how the drivers relate to the 
key ways consumers interact with food: acquiring, consuming and storing, 
and disposing of it. Because the studies we examined relied on a variety of 
methods it was not possible to estimate effect sizes for each or to prioritize 
them, a point discussed at the close of the chapter.

The drivers of food waste behavior interact with each other, and it 
is these more complex interrelationships that will result in an increase or 
decrease in food waste. For example, while meal planning may reduce food 
waste for some households, for others it might have the opposite effect, 
depending on resource availability, such as access to shopping opportunities 
created by the built environment (summative driver J) or food preferences 
(summative driver F). Thus, for example, people who can only make one 
large shopping trip in a distant location may, in planning, err on the side 
of buying too much, leading to later food waste. On the other hand, for a 

BOX 3-1 
Summative Drivers of Consumer Food Waste 

Food waste is driven by

A.	 consumers’	knowledge,	skills,	and	tools;
B.	 consumers’	capacity	to	assess	risks	associated	with	food	waste;	
C.	 consumers’	goals	with	respect	to	food	and	nutrition;	
D.	 consumers’	recognition	and	monitoring	of	their	food	waste;
E.	 consumers’	psychological	distance	from	food	production	and	disposal;
F.	 heterogeneity	of	consumers’	food	preferences	and	diets;
G.	 the	convenience	or	 inconvenience	of	 reducing	 food	waste	as	part	of	daily	

activities;
H.	 marketing	practices	and	tactics	that	shape	consumers’	food	behaviors;
I.	 psychosocial	 and	 identity-related	 norms	 related	 to	 food	 consumption	 and	

waste;	
J.	 factors	 in	 the	built	environment	 (including	 in	household	and	retail	environ-

ments)	and	the	food	supply	chain;	and
K.	 policies	and	regulations	at	all	levels	of	government.	
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consumer whose preferences simply include a large amount of perishable 
food, making a firm shopping plan may have little effect on that indi-
vidual’s level of food waste. Because the interactions among the drivers are 
important, the distinctions among them can sometimes blur; nonetheless, 
identifying the categories of drivers is important for understanding the full 
range of drivers (and their mechanisms) influencing food waste behavior. 

As in the research from related fields, the food waste literature sug-
gests that it is important to consider underlying contextual factors to gain 
an understanding of the influence of various drivers on consumers’ food 
waste behavior. Some evidence suggests that drivers influence the generation 
of wasted food differently, and to varying degrees, depending on whether 
consumers are at or away from home. The material qualities of the food 
itself also mediate how multiple drivers influence the generation of wasted 
food. For example, whether a food item is fresh or frozen can influence rela-
tionships with—and thus the drivers of behaviors with—that food because 
fresh and frozen foods require different skills for storage and preparation 
and have different shelf lives. 

A. Consumers’ Knowledge, Skills, and Tools 

If they are to reduce waste, consumers need knowledge of what to do; 
the requisite skills to do it; and tools that do not unintentionally prompt 
waste (e.g., ability and opportunity), such as trays in a buffet setting or 
a large casserole dish used in food preparation (Hebrok and Boks, 2017; 
Roodhuyzen et al., 2017; Schanes et al., 2018) (see examples for specific 
drivers in Table 3-1). Important knowledge and skills are commonly related 
to provisioning and preparing the appropriate amount of food (e.g., Secondi 
et al., 2015); gauging quality; maximizing shelf life (e.g., Farr-Wharton et 
al., 2014); cooking, including repurposing of leftovers (e.g., Graham-Rowe 
et al., 2014); and awareness of which parts of food are edible.3 Consumer 
tools can be physical objects, informational tools (e.g., recipes), or tech-
nological tools (e.g., smartphone apps) that support planning, acquisition, 
storage, and preparation. Such tools may be transportable and expendable 
(e.g., storage containers, planning and monitoring tools, appropriately sized 
cookware or plates [Hebrok and Boks, 2017]). Note that because they may 
have strong effects on other aspects of the food supply, more durable tools 
are considered part of the built environment (e.g., refrigerator, cupboard 
storage) (see summative driver J below), and that tools that facilitate food 
waste monitoring are included in summative driver D. 

3 Perceptions of which foods are edible are also relevant to food preferences, discussed 
together with knowledge and cultural norms below.
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B. Consumers’ Capacity to Assess Risks Associated with Food Waste

People’s perceptions of food safety and quality, their sensitivity to 
guidance about food safety (e.g., Milne, 2012; Soma, 2017), and their 
knowledge about foodborne illnesses all influence food waste. In a national 
survey conducted in 2015, food safety and food quality were cited as the 
top two reasons for discarding food (Neff et al., 2015), although there is 
often a perceived tension between concerns related to reducing risk and 
those related to minimizing waste (Watson and Meah, 2013). People use 
knowledge, tools (e.g., date labels), and their senses to assess whether it is 
too risky to eat food (Hebrok and Boks, 2017). Assessment of risk affects 
both disposal and acquisition, and is influenced by such factors as recall 
of past experiences, norms, prior beliefs, date labels, and the smell and ap-
pearance of the food (Hebrok and Boks, 2017). 

The process of judging whether food is safe to eat also relates to dietary 
restrictions (summative driver F), as some people are more risk averse or 
sensitive with respect to food relative to others. Perception of the risk or 
desirability of food is also related to psychosocial norms (summative driver 
I), as decisions related to risk management are also determined by emotions 

TABLE 3-1 Examples of Drivers Related to Knowledge, Skills, and Tools 

Stage Motivation Opportunity Ability

Acquisition Recipes or other 
tools/information 
that encourage the 
purchase and full 
use of food items to 
acquire or prepare

Size of plate, 
cookware, or other 
item, prompting 
acquisition or 
preparation

Knowledge about 
quantities or food types 
needed for preparation, 
including the amount of 
previously acquired food 
that is usable

Consumption/
Storage

Recipes, cooking 
shows, and other 
information sources 
that encourage limited 
consumption of foods

Access to waste-
reducing consumption 
modes (e.g., food 
sharing)

Access to storage tools
and methods to 
maximize shelf life

Knowledge about using 
“scraps,” aging food, 
leftovers, or edible 
components of food 
instead of disposing 
of them, and ways to 
maximize shelf life

Disposal Access to trash cans 
and other bins for 
other means of waste 
management (e.g., 
composting)
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and norms, such as the good provider identity4 (Brook Lyndhurst, 2011). 
Examples of specific drivers are in Table 3-2.

C. Consumers’ Goals with Respect to Food and Nutrition

Consumers must reckon with multiple motivations related to food con-
sumption and waste, including eating more healthfully, reducing environ-
mental impacts, and saving money. Some motivations reinforce each other, 
while others conflict. For example, the goals of saving money and reducing 
food waste would appear to be well aligned. However, getting the best 
value from food purchases through bulk purchasing or taking advantage of 
reduced prices may at times conflict with suggested food waste prevention 
techniques that encourage customers to buy only the perishable items they 
need. Other consumers might be motivated to lose weight, and therefore be 
more likely to leave edible food on the plate. Examples of specific drivers 
related to conflicting goals are in Table 3-3). 

Consumers resolve such conflicts in a variety of ways. For example, psy-
chological licensing allows individuals to feel justified or even good about 
discarding food if they engage in such desirable behaviors as composting 

4 Good provider identity refers to the need to feel like a “good” provider and minimize any 
feelings of guilt experienced if individuals fail to meet personal or cultural expectations (e.g., 
Graham-Rowe et al., 2014).

TABLE 3-2 Examples of Drivers Related to Capacity to Assess Risks

Stage Motivation Opportunity Ability

Acquisition Perceptions about 
which foods/food 
formats (frozen, 
canned, fresh) will be 
safest for the longest 
time

     Knowledge of foods/
formats that will be 
safest for the longest 
time

Consumption/
Storage

Sensory cue 
interpretation and 
sensitivity

Interpretation of date 
labels

Previous negative 
experiences and 
concerns about food 
safety

     Understanding of 
sensory cues

Understanding of the 
meaning of date labels

Disposal           
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(e.g., Qi and Roe, 2017), although this licensing is not inevitable. For ex-
ample, if an action to reduce food waste activates a positive identity (e.g., 
makes one see oneself as a “smart consumer” or “food steward”), that 
self-consistency may be more powerful than the licensing effect, making 
behavior to reduce food waste more likely (Oyserman, 2015). At the same 
time, negative emotions about wasting food (e.g., guilt) may paradoxically 
have a licensing effect, allowing consumers to feel they have compensated 
for the waste with negative emotions (see, e.g., Russell et al., 2017).

Consumers’ motivations can also change through the consumption 
process. For instance, the motivation to eat healthfully can drive consumers 
to overpurchase produce that is later wasted when it begins to spoil or ends 
up not being a preferred item (e.g., Evans, 2011; Watson and Meah, 2013) 
perhaps because the desire for convenience or comfort comes to the fore 
after the food has been purchased. However, evidence suggests that health 
goals may align with waste prevention goals, and could be used to reinforce 
each other (Quested and Luzecka, 2014; von Massow et al., 2019). 

Out-of-home environments trigger different goals relative to in-home 
environments (e.g., hedonic eating,5 maximizing the matching of food to 
the consumers’ preference, impression management goals that lean toward 
“leaving some food on the plate” in public). As a result, consumers’ waste 
reduction goals are often undermined in such contexts. 

This cluster of drivers is closely linked to psychosocial and identity 
factors (summative driver I), which include the good provider identity and 
the perception that “fresh,” or more perishable, food is healthier than other 
forms of food (Schanes et al., 2018) (e.g., see Chapter 2). 

D. Consumers’ Recognition and Monitoring of Their Food Waste

People may be unaware of the amount of food they discard and the 
impact of that waste because they lack the capacity to track what is wasted, 
and many believe they waste less than other people do (Neff et al., 2015). 
Consumers who do not perceive their food waste as a problem are un-
likely to practice specific behaviors to reduce it (Brook Lyndhurst, 2007; 
Hebrok and Boks, 2017; Roodhuyzen et al., 2017; Schanes et al., 2018). 
In addition, although food suppliers may have tools for monitoring or 
reporting waste amounts, they have little incentive to remind consumers 
that overacquisition may lead to waste. For example, immediate removal 
of unconsumed food from the dining area of an out-of-home venue may be 
a norm that encourages further waste. Moreover, waste estimation is not 
generally considered part of a positive, hedonic social experience, making 

5 Hedonic eating is the act of eating for pleasure, rather than simply for nourishment, and 
may cause and perpetuate overconsumption.
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TABLE 3-3 Examples of Drivers Related to Consumers’ Food and 
Nutrition Goals

Stage Motivation Opportunity Ability

Acquisition Desire to seek variety/
explore new options

Beliefs about the relative 
effects of differently 
preserved foods on the 
ability to reach health 
goals (e.g., perishable 
fruits and vegetables 
“healthier” than other 
preparations)

Consumption/
Storage

(Mis)match between 
goals at acquisition (e.g., 
eating healthier) and goals 
at consumption (e.g., 
self-gifting or maximizing 
individual enjoyment 
from food) 

“Healthy” choices in 
acquisition may license 
underconsumption of 
perishable foods

Desire to lose weight, 
which leads to leaving 
food on one’s plate

Disposal Composting satisfies 
environmental and waste-
reduction goals, licensing 
food waste 

“Virtue” goals are 
satisfied by guilt about 
not eating, licensing 
disposal

Discarding or “cleaning 
out” seen as a healthy, 
clean, or efficient action
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it unlikely that the data on waste collected in such venues will be shared 
with consumers. 

The invisibility of food waste may be compounded when other waste is 
made more visible. For example, consumers who are trying to gauge their 
food waste may be distracted by the waste generated by bulky packaging, 
which appears to be of greater magnitude than their wasted food. In this 
case, consumers may overlook the important role packaging can play in 
reducing food waste (see also Chapter 2 on myths). Although it is gener-
ally agreed that people are unaware of their waste generation, it remains 
unclear whether this is purely a result of the invisibility of waste generation 
or is also a result of willful ignorance stemming from a desire to alleviate 
guilt or other negative emotions associated with wasting food. Examples 
of specific drivers are in Table 3-4.

TABLE 3-4 Examples of Drivers Related to Individuals’ Recognition and 
Monitoring of Their Food Waste

Stage Motivation Opportunity Ability

Acquisition Lack of acquisition-
proximal, salient 
reminders of the 
economic and 
opportunity costs of 
personal past food waste
Belief that one’s own food 
waste is less than that of 
others

Consumption/
Storage

Immediate removal of 
wasted food from the 
consumption area, which 
results in lack of feedback

Disposal Removal/processing of 
food by a third party, 
which results in lack of 
feedback

Belief that another type 
of waste (e.g., packaging) 
is more important than 
food waste

Use of 
waste 
monitoring 
tools
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E. Consumers’ Psychological Distance from Food Production  
and Disposal 

A lack of intellectual, social, and emotional linkage with food—a lack 
of appreciation of the connections among its production, consumption, and 
disposal—can result in a lack of awareness of or concern about the con-
sequences of discarding food (e.g., Clapp, 2002; Soma, 2017) (see specific 
examples in Table 3-5). Moreover, urbanization and the changing struc-
ture of the food supply chain have generally resulted in physical distance 
between where people live and sites of food production (e.g., farms) and 
disposal (e.g., landfills), further reinforcing this psychological disconnect 
(see Box 3-2). Consuming food away from home or shopping online, with 
no personal connection with those who prepared the food, also serves to 
distance consumers psychologically.

BOX 3-2 
Distancing

Distancing	 is	 a	 conceptual	 framework	 commonly	used	 in	 the	 field	of	 con-
sumption	studies	to	explain	the	exploitation	of	resources	and	the	resulting	waste	
in	the	process	of	both	production	and	consumption	(Princen,	2002).	This	concep-
tual	framework	has	increasingly	been	adopted	in	food	and	food	waste	studies	to	
explain	the	phenomenon	of	overconsumption,	natural	resource	exploitation,	and	
food	 waste	 (Clapp,	 2002;	 Soma,	 2017).	 Princen	 (2002)	 defines	 distancing	 as	
“the	separation	of	primary	resource-extraction	decisions	from	final	consumption	
decisions.	The	greater	the	distancing	on	any	several	dimensions,	the	greater	the	
likelihood	ecological	feedback	will	be	severed	and	a	resource	overused.”	

Distancing	is	a	broad	umbrella	term	covering	not	only	the	process	of	geo-
graphic	distancing	(spatial),	but	also	mental	distancing.	One	aspect	of	distancing	
is	the	disconnect	between	consumers	and	the	primary	source	of	their	food.	Dis-
tancing	also	helps	explain	why	the	impacts	of	waste	are	often	felt	disproportion-
ately	by	poor	or	marginalized	communities	that	live	close	to	waste	disposal	sites	
(Soma,	2017).	Spatial	distancing	has	been	tied	to	the	process	of	urbanization	and	
the	disconnect	between	urban	consumers	and	 the	source	of	 their	 food	 (Soma,	
2017)	and	is	one	reason	why	urbanization	has	been	identified	as	one	of	the	driv-
ers	of	food	waste	(Parfitt	et	al.,	2010;	Thyberg	and	Tonjes,	2016).	
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F. Heterogeneity of Consumers’ Food Preferences and Diets

Food preferences are driven by expectations and norms and by the de-
sire for tasty or satisfying food. Preferences can lead to wasted food—for 
example, the discarding of portions of food, such as broccoli stalks or apple 
cores, that could be eaten (knowledge of what is edible is also closely linked 
to consumers’ knowledge and skills, discussed above). As noted previously, 
the classification of food as edible or inedible is shaped by both material 
and sociocultural factors that vary significantly among and within cultures 
(Gillick and Quested, 2018; Moreno et al., 2020; Papargyropoulou et al., 
2014). Therefore, these attitudes offer a leverage point for interventions to 
motivate consumers to reduce food waste. 

Children’s limited palates and their often picky and unpredictable eat-
ing habits are commonly cited as a reason for wasting food (Hebrok and 
Boks, 2017; Roodhuyzen et al., 2017; Schanes et al., 2018). As children 
develop their eating habits, they often need to try foods—especially veg-
etables and other foods considered to be healthy—several times before 
liking them (Wardle et al., 2003). As a result, it may be socially optimal to 
allow some level of food waste as children develop their palates, especially 
if it results in healthier overall eating habits. Specific examples of drivers 
are listed in Table 3-6.

TABLE 3-5 Examples of Drivers Related to Consumers’ Psychological 
Distance from Food Production and Disposal

Stage Motivation Opportunity Ability

Acquisition “Inexpensive food” is 
overacquired because 
of devaluation of 
labor and resources 
involved in the 
product life cycle

Consumption/
Storage

Disconnect from 
the preparer leads 
to devaluation of 
food and lower 
consumption

Consequences of food 
waste do not affect 
many personally

Disposal Poor awareness of the 
impacts of disposal
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G. The Convenience or Inconvenience of Reducing Food Waste as Part of 
Daily Activities 

Contexts, priorities, and other characteristics of households and 
individuals—including the many demands associated with working and 
maintaining a household—influence consumer choices with respect to 
food waste (see some examples of drivers in Table 3-7). These factors 
are affected in turn by dynamics within a household and communication 
among household members (e.g., Evans, 2011; Ganglbauer et al., 2013; 
Hebrok and Heidenstrøm, 2019). See Box 3-3 for more on how consumers 
make decisions and establish priorities.

Several behavior-related theories and mechanisms have been proposed 
to explain these influences (Becker, 1965; Reid, 1934). A key insight of this 
work is that transforming market goods (e.g., packages of food) into home-
produced goods (e.g., a meal) requires household members’ time, which 
could otherwise be used to generate income through paid work, engage 
in other aspects of home production, or enjoy leisure activities. Further, 
household members’ skill in household production can alter the trade-off 
and eventual decisions made with respect to allocating scarce time across 
market and home activities. The time available for food acquisition and 
preparation and the skills of household members therefore determines the 
motivation, opportunity, and ability to decrease food waste.

The household production theory (Becker, 1965) has been used to model 
households’ food waste (Lusk and Ellison, 2017), guide systems-based 

TABLE 3-6 Examples of Drivers Related to Heterogeneity of Consumers’ 
Food Preferences and Diets

Stage Motivation Opportunity Ability

Acquisition Desire to match 
heterogeneous 
preferences and diets

Consumption/
Storage

Rejection of 
previously purchased 
food in light of 
changes in diet or 
preference

Dislike of consuming 
leftovers or certain 
food parts

Desire to alter one’s 
diet

Specific foods needed 
to account for dietary 
restrictions 

Limited palates of 
children

Adoption of 
unfamiliar foods or 
diets

Disposal
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assessments of the economic impacts of wasted food (Muth et al., 2019), 
develop hypotheses about household changes in the amount of food wasted 
in response to changes in food prices and policies (Hamilton and Rich-
ards, 2019), and devise tax schemes to reduce food waste (Katare et al., 
2017). This framework has also supported efforts to estimate the amount 
of wasted food generated by a household based on detailed information 
about food purchases and demographic profiles (Landry and Smith, 2018; 
Yu and Jaenicke, 2018).

H. Marketing Practices and Tactics that Shape Consumers’  
Food Behaviors

Consumer choice is significantly influenced by product branding, pric-
ing, promotions, and other actions of retailers, restaurant operators, and 
other away-from-home food providers (examples of specific drivers are 
in Table 3-8). Marketing research has identified both online and in-store 
tactics that encourage overacquisition or suboptimal acquisition that may 
shape both at- and away-from-home behaviors. Marketing strategies that 
relate to food waste in particular include special offers, multiple-unit pric-
ing, packaging, signage and displays, large portion sizes, bundled deals, and 

BOX 3-3 
The Role of Emotions, Heuristics, and Biases 

in Consumer Decision Making

Consumers	rely	on	various	cognitive	shortcuts	to	make	decisions	and	guide	
their	behaviors,	particularly	when	they	are	under	pressure.	Emotions	also	may	be	
sources	of	nonrational	input	into	decision	making.	Indeed,	the	more	complex	life	
becomes,	the	more	consumers	are	likely	to	rely	on	emotions,	heuristics	(simple	
rules),	and	biases.	For	example,	emotions	and	heuristics	may	guide	a	busy	con-
sumer’s	perception	as	to	whether	a	waste	behavior	is	acceptable.	Researchers	
have	suggested	that	consumers	can	be	profiled	in	terms	of	their	feelings	about	
waste,	and	that	this	profiling	is	more	helpful	for	understanding	waste	behavior	than	
are	sociodemographic	factors	(Amato	et	al.,	2019).

Another	 powerful	 heuristic	 that	 can	 drive	 waste	 behavior	 is	 the	 idea	 that	
“beautiful	 is	 good”	 (see	 Chapter	 2).	 Numerous	 researchers	 have	 shown	 that	
consumers	are	less	likely	to	purchase	aesthetically	unappealing	produce	relative	
to	more	 aesthetically	 appealing	 produce	 (e.g.,	Aschemann-Witzel	 et	 al.,	 2018;	
Grewal	 et	 al.,	 2019),	 and	 that	 this	 effect	 is	 driven	 by	 a	 belief	 that	 unattractive	
products	are	of	lower	quality.	Although	such	effects	have	been	studied	primarily	
in	stores,	 it	 follows	 that	 individuals	will	 rely	on	similar	heuristics	when	deciding	
what	to	prepare	at	home,	so	that	as	goods	age	and	decline	in	appearance,	the	
likelihood	that	they	will	be	wasted	will	increase.	
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cues to seek variety or shop in an exploratory manner. For example, low 
prices and deep discounts, while increasing consumers’ spending power, 
also can lead to stockpiling. Past research has shown that promotions with 
high quantity anchors (e.g., limit of 10 mangoes) cue consumers to purchase 
more of the promoted product than they otherwise might (Wansink et al., 
1998). Retailers also often encourage consumers to seek variety, which can 
increase the likelihood that they will purchase nonpreferred foods that are 
more likely to go to waste (Ratner et al., 1999). 

Marketing tactics operate at both conscious and nonconscious levels 
(e.g., Kahneman, 2011). For example, buy one, get one free deals can lead 
consumers to purchase—and waste—more, through a decision of which 
they are conscious. Other tactics, however, such as those that rely on high 
purchase anchors, may nudge consumers to buy more without their being 
aware of the influence on their decision. Likewise, larger carts and larger 
servings may lead to waste in both conscious and unconscious ways, as 
consumers may recognize the effects of such tactics on their propensity to 
buy food that will go uneaten but still be influenced.

Similar tactics can be used to reduce waste if developed wisely. For 
example, marketing researchers have shown that granular, modular pack-
aging, which allows consumers to eat smaller portions of a food without 

TABLE 3-7 Examples of Drivers Related to the Convenience or 
Inconvenience of Reducing Food Waste as Part of Daily Activities

Stage Motivation Opportunity Ability

Acquisition Intermittent scarcity 
of resources (e.g., 
money) and time 
leads to stockpiling

In-store/restaurant 
overload prompts 
satisficinga/use of 
heuristics

Cognitive availability 
biases estimation of 
desire/need

Consumption/
Storage

Substitution of food 
delivery for food 
preparation because 
of preference

Meal plan 
abandonment due 
to variation in needs 
and circumstances

Cognitive load 
or stress leads to 
reliance on memory, 
and food is not 
consumed if it is not 
visible

Disposal Reliance on affect 
heuristics to 
determine freshness 
or usability

Cost and ease of 
use of disposal and 
discard options

Time pressure leads 
to disposal before 
consumption is 
complete

a Satisficing is a decision-making strategy that aims for a satisfactory or adequate result, 
rather than an optimal solution.
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leaving the entire quantity open to decay, will reduce the likelihood of 
waste. Because this tactic will also increase packaging and thus nonfood 
waste, however, this potential trade-off should be accounted for in evalu-
ation of the intervention’s efficacy. Innovative processing technologies are 
continually being developed to meet various objectives (e.g., food safety), 
and they directly influence how consumers buy, prepare, and store their 
food. Many of these technologies have made an impact in increasing shelf 
life and thereby decreasing food waste (see Chapter 2). Other marketing 
factors, however, have not been widely used to shape waste during the 
consumption or disposal stage, so there is an opportunity to use marketing 
tactics that have both a conscious and unconscious influence on food waste. 

I. Psychosocial and Identity-Related Norms Relevant to Food 
Consumption and Waste

Consumers’ motivation to reduce food waste is shaped by social norms, 
identity, and habit (examples of drivers related to norms are in Table 3-9). 
Factors that create identity and habit play an important role (e.g., Russell 
et al., 2017). These include formative life experiences, such as food scarcity, 
exposure to food production (e.g., through gardening or hunting), and local 
culture. Habits (actions performed automatically) also play a key role in 
many of the psychosocial and identity-related behaviors related to wasting 
food (Quested et al., 2011; Russell et al., 2017). 

Norms6—social expectations that define the appropriate behavior in 
a given situation (Schwartz, 1977)—appear to be particularly influential 
and have been the most extensively studied among this cluster of factors. 
When norms are activated, often outside of conscious awareness, they influ-
ence information processing and decision making. Norm activation theory 
would suggest, for example, that a food acquisition situation may activate 
expectations about the desirability of larger shopping baskets, the benefits 
of bulk buying or abundance, or the acceptability of excess that influence 
the likelihood that individuals will acquire more than they need. Norms 
that can lead to waste include the good provider identity discussed earlier 
(e.g., Graham-Rowe et al., 2014), gender roles, consumerism (the idea that 
consumption of goods is positive), acceptance of wasting food as “normal,” 
lack of acceptance of imperfect foods (e.g., Aschemann-Witzel et al., 2018), 
and preferences for fresh food. Stern (2000) argues that because the role 
of norms in food-related behavior is so substantial, it is critical not only to 

6 “Norms” in this context refers to moral norms (i.e., when people feel that doing something 
aligns with an abstract right or wrong), injunctive social norms (i.e., feelings about what one 
ought to do), and descriptive social norms (i.e., perceptions of what most people are doing) 
that are strongly correlated with behavior. 
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TABLE 3-8 Examples of Drivers Related to Marketing Practices and 
Tactics

Stage Motivation Opportunity Ability

Acquisition High promotional 
anchors (e.g., 
purchase limit 10, 10 
for $10) and price 
promotions 

Novelty promotions 
promoting purchase 
of atypical/unfamiliar 
foods

Messaging that 
emphasizes freshness, 
abundance, attractive 
presentation, minimal 
packaging, or organic 
products without 
regard to effects on 
waste

Packaging and 
product offerings that 
result in acquiring 
more than desired 

Retail standards 
that promote 
only aesthetically 
appealing food 

Consumption/
Storage

No packaging 
information 
provided related to 
preparation, storage, 
or usage

Packaging not 
optimized for storage

Disposal
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discuss explicit attitudes and knowledge but also to address more implicit 
religious and moral norms. 

Some research indicates that individuals may face conflicting norms in 
the domain of food waste. For example, consumers may regard accumula-
tion of goods as important to personal happiness and social status but also 
hold religious norms about the value of temperance (Petrescu-Mag et al., 
2019) or find waste generally aversive (Arkes, 1996). Thus, norm activation 
theory suggest that waste may be reduced if planful shopping (Stefan et al., 
2013) or an “ethic of thrift” (Waston and Meah, 2013) is made normative. 
Other research, however, suggests that norms may play a less important 
a role in food waste relative to such factors as price and convenience 
(Aschemann-Witzel et al., 2018). 

Although survey and experimental data are often focused on the deci-
sions individuals make on their own, food acquisition and consumption 
decisions are often made in dyadic or group contexts, in which acquisition 
and consumption decisions are likely to be radically different from those 
made individually. For example, it has been suggested that individuals mak-
ing decisions in groups or when others can observe are likely to differentiate 
themselves from others (e.g., not order an item another individual in the 
group has ordered) and to signal their own personality by seeking variety 
across food choices (Ariely and Levav, 2000; Ratner et al., 1999). Choosing 
items for reasons other than preference increases the likelihood of waste, 
although acquisition and consumption in groups may also serve to reduce 
waste in that when acquisition choices are observed by others, more com-
munal consumers may be prompted to exert self-control, thus tempering 
their acquisition tendencies (Kurt et al., 2011).

J. Factors in the Built Environment and the Food Supply Chain 

The built environment7 and the food supply chain play a key role in 
food waste through factors ranging from the household or community 
level (e.g., layout of home kitchen, refrigerator capacity, access to retail 
food sources) to the societal level (e.g., urbanization, characteristics of 
the food supply chain). For example, space constraints in the refrigerator 
or cupboards can make it difficult to organize items, thus making them 
more difficult to find and therefore less likely to be eaten (e.g., Schanes et 
al., 2018) (see additional examples in Table 3-10). Individuals often have 

7 “Built environment” refers to the human-made environment that provides the setting for 
human activity, ranging in scale from buildings to cities and beyond. It has been defined as 
“the human-made space in which people live, work and recreate on a day-to-day basis (Roof 
and Oleru, 2008).
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TABLE 3-9 Examples of Drivers Related to Psychosocial and  
Identity-Related Norms

Stage Motivation Opportunity Ability

Acquisition Social and gender norms 
related to abundance, 
special occasions, and the 
good provider identity

Individual aversion to 
scarcity (i.e., acquiring too 
much as “insurance”)

Acquisition as a marker of 
status/consumerism

Lack of acceptance of 
imperfect or suboptimal 
foods 

Consumption/
Storage

Norms related to the 
good provider identity, 
abundance, and “good” 
food

Acceptance of imperfect or 
suboptimal foods

Acceptance of food sharing

Eating leftovers perceived 
by some as sacrifice or 
thrift

Desire to impress eating 
companions (e.g., taking 
leftovers instead of leaving 
them)

Prior experiences and local 
food cultures that influence 
habit creation

Disposal Waste acceptance norms 

Guilt associated with 
waste
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limited control over these factors, which shape the context for many kinds 
of food choices.

Aspects of the built environment and the food supply chain can be ad-
dressed through policies or technological improvements, but intervening in 
a complex system brings a risk of unintended consequences. System-wide 
responses may offset a positive original intent or expected impact, through 
rebound effects, for example. This point is illustrated in the context of en-
ergy conservation by the introduction of technology that enables people to 
afford to drive more by using less fuel for each trip. Furthermore, if enough 
drivers experience this improved efficiency, the market price of fuel will 
likely decline, making additional trips even less expensive.8 

In the context of food waste, interventions that successfully reduce the 
amount of wasted food could result in a smaller reduction in greenhouse 
gas emissions than expected (unintended consequence) because consumers 
who spend less on food may redirect their spending to other consumer 
goods that generate greenhouse gases (Druckman et al., 2011). Other un-
intended consequences might include a rise in demand for electricity and an 
increase in greenhouse gas emissions if standard refrigerator temperatures 
are lowered. Thus, it is important that the entire food system be considered 
when factors in the built environment and the food supply chain are used 
to address food waste. 

K. Policies and Regulations at All Levels of Government 

Policies and goals related to food and waste, including date labeling, 
waste management systems and regulations, urban planning choices, agri-
cultural subsidies, and other market-based instruments, have a key role to 
play in reducing food waste (some examples related to policy and regula-
tions are listed in Table 3-11). Such elements of the food supply system 
as the cost of food and access to waste management services provide the 
context within which consumers and industry make choices. Some policies 
may directly target waste, while others are related to food quality, prices, 
or other factors and may indirectly influence the generation of wasted food. 
Broadly, policies have the potential to both drive and prevent the genera-
tion of wasted food, as well as to address equity issues, or the possibility 
that groups of people may be disproportionately affected by changes (e.g., 
through regressive taxes). One policy recently recognized as important is 
date labeling on packages (e.g., Milne, 2012; Neff et al., 2019; Thompson 

8 Since Jevons hypothesized that improved efficiency of coal engines might actually lead to 
an increase in coal use (Jevons, 1866), economists and engineers have hypothesized about and 
documented such offsetting responses, largely in the context of energy conservation initiatives 
(Binswanger, 2001; Chan and Gillingham, 2015; Greening et al., 2000; Khazzoom, 1980).
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et al., 2018; Wilson et al., 2017). Another is waste management. These 
policies focus on what happens to food once it has been wasted by the con-
sumer, but they can influence choices made along the entire supply chain. 
Commonly suggested waste management policies include imposing higher 
costs for landfill disposal (e.g., through a tipping fee), banning organic 
materials (including food waste) from landfills (e.g., Sandson and Broad 
Leib, 2019), requiring mandatory collection of compostable materials, and 
using pricing schemes that charge customers by the amount of waste gener-
ated. Relatively little is known, however, about the direct impact of specific 
policies and regulations on the generation of wasted food (Schanes et al., 
2018; Spang et al., 2019). 

SUMMARY AND CONCLUSIONS

The committee examined a wide range of research on factors that in-
fluence consumer behavior to identify those that may promote behaviors 
that limit food waste. These factors operate both at the individual, intra-
personal, and interpersonal levels and at the broad community, state, and 
federal levels, and they interact with one another. 

TABLE 3-10 Examples of Drivers Related to the Built Environment and 
the Food Supply Chain

Stage Motivation Opportunity Ability

Acquisition Urban planning 
factors, including 
access to 
transportation

Access to, types of, 
and distance from 
retail outlets

Available food 
supply, including 
access to garden 
or other food 
production

Consumption/
Storage

Access to and layout 
of home refrigerator 
and refrigerator 
or freezer design, 
including capacity

Disposal Access to waste 
management products 
and services
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TABLE 3-11 Examples of Drivers Related to Policies and Regulations

Stage Motivation Opportunity Ability

Acquisition Agricultural 
subsidies, tariffs, and 
import restrictions 
that influence price 
and availability

Economic trends that 
influence purchasing 
and consumption 
patterns

Requirements of 
retailers and food 
sellers to disclose 
information about 
food (e.g., calorie 
count) or provide 
food in a certain way 

Unregulated or 
inconsistent date 
labeling

Consumption/
Storage

Disposal Economic trends 
that influence waste 
production

Access to waste 
management services 
and restrictions on 
(e.g., organic bans) 
or requirements for 
(e.g., pay-as-you-
throw) discard

The MOA framework offers possibilities for analyzing this complex 
array of drivers of food waste behavior. As discussed in Chapter 1, this 
framework posits that behavioral changes occur as a result of the interplay 
of these three influences. In the context of consumer behavior related to 
wasting food, the MOA framework suggests that if consumers are to reduce 
food waste, they need to have the opportunity and ability to do so, and 
also be motivated to do so. At the same time, the framework highlights 
that many other factors that increase or decrease food waste—particularly 
nonconscious influences, habits, and contextual and psychosocial factors—
may be at play when motivation, opportunity, or ability is low. The MOA 
framework is flexible enough to support comparison of findings across 
diverse literatures and thereby allow for consideration of these additional 
mediating factors. 
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Analysis of findings from the literature on drivers of consumer be-
havior with the MOA framework in mind yielded the following overall 
observations. 

Drivers of food waste collectively influence consumer behavior regarding 
food acquisition, consumption and storage, and disposal. Although some 
drivers, such as marketing factors, shape primarily acquisition tenden-
cies, others, such as the built environment, play strong roles in shaping 
acquisition, consumption, and disposal. Thus, drivers can emerge at dif-
ferent stages of a consumer’s experience with food, and can play different 
roles depending on the stage in which they appear. The fact that drivers 
operate differently at different points in a process can make it difficult to 
make clear prescriptions about the likely effects of any single intervention 
strategy. However, it also highlights the potential benefits of addressing 
multiple points through a single driver or small number of drivers—for 
example, promoting efficient acquisition and maximizing of consumption 
while working to prevent the discarding of food in particular situations. As 
a systems analysis would suggest, all influences on the consumer’s experi-
ence, including those that operate long before the actual decision to discard 
occurs, should be taken into account so that addressing a driver in one stage 
of the consumer’s experience with food will not create problems in another 
(e.g., altering acquisition in ways that promote more disposal). 

The largest proportion of drivers addressed by research relate to motiva-
tion, but it is clear that drivers may also affect opportunity and ability. 
While the importance of motivation is clear, behavior cannot be discon-
nected from opportunity and ability. Findings from the six related domains 
explored by the committee show that motivations are crucial drivers of 
behavior, but that they work in concert with opportunity and ability. The 
focus on opportunity and ability is particularly important in the context 
of automatic behaviors or habits, and the need to sustain—not just initi-
ate—desired behaviors. However, research in the food waste domain has 
not systematically compared drivers of automatic versus reflective behav-
ior, or distinguished between drivers that support initiation as opposed to 
maintenance of behavior.

The existing research does not cover all potential drivers of consumer 
behavior across settings. While this chapter has attempted to suggest pos-
sible drivers of food waste behavior that may operate in away-from-home 
consumption, little empirical research has focused on these drivers explic-
itly or systematically. Similarly, research in the six related domains has 
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not adequately explored how drivers differ over time and across settings. 
Research in the other domains also indicates the importance of under-
standing contextual factors, which may reveal a given driver’s operation 
or change the way any given driver works. Further, examining drivers in 
only one setting makes it more difficult to understand how a single driver 
may operate in others. For example, if it is possible to address drivers that 
prompt away-from-home food waste, consumers may internalize changes in 
practices and mindsets that affect the drivers existing at home. Additional 
research may broaden investigation into how drivers identified in this re-
port—and others yet to be identified—operate within different contexts, as 
well as across settings.

Examination of underlying psychological and contextual drivers may pro-
vide deeper understanding than can sociodemographic factors. Researchers 
in the six related domains have found that sociodemographic variables by 
themselves are often inadequate or poor predictors of environment-related 
behaviors, and the same appears to be true for food waste behaviors (see 
Chapter 2). Many drivers of food waste behavior, such as social norms, 
tool availability, and the built environment, may be correlated with sociode-
mographic factors, but the former are most likely to explain the behavior. 

The research reviewed does not support prioritizing some drivers above 
others, but it does provide clues for identifying and using drivers that might 
be operating in a given situation. Because methods and measures used in 
this research vary so widely, it is difficult to compare effect sizes across stud-
ies. Further, as few studies consider more than one driver simultaneously, 
the committee was unable to conduct a systems analysis that would account 
for dynamics and relationships. The 11 summative drivers identified in this 
chapter each affect at least one of the three elements of the MOA frame-
work—motivation, opportunity, and ability, as illustrated in Figure 3-1. 

With this in mind, the committee proposes that findings in this chapter 
can be used to identify and target drivers on which to focus interventions 
for reducing consumer-level food waste. To identify the relevant drivers, 
designers of interventions for a specific setting or community could con-
duct formative research in that community to identify the cognitive process 
driving a food waste behavior (e.g., reflective or automatic) and which 
element(s) of the MOA framework are predominant. 

In a hypothetical case, individuals in a community may report both a 
high sense of psychological distance from a food source and a conscious 
willingness to discard food once it has become aesthetically imperfect. In 
this case, researchers may find that, for these individuals, psychological 
distance results in the lack of motivation to use the food and thus food 
waste. This behavior appears to be more reflective than automatic, and 
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other drivers are therefore likely at play because reflective behaviors require 
activation of all three elements of the MOA framework. Thus, although it 
may be tempting to launch a messaging campaign focused solely on enhanc-
ing motivation to reduce the discarding of food, the intervention designer 
should also search for drivers in the community that may be resulting in 
the high ability (e.g., low food literacy) and easy opportunity (e.g., lack of 
incentives to save food) to discard food. In this way, the most promising 
intervention for this context would not only change the psychological dis-
tance from food through motivational cues, but also address drivers related 
to opportunity and ability that might be promoting food waste. 

On the other hand, consider a hypothetical case in which food waste 
is likely to be driven predominantly by automatic processes. In contrast 
with the above case, food waste here is occurring without the consumer’s 
awareness (so that researchers might find, for example, a large gap be-
tween self-reported and objective measures of food waste); opportunity 
and ability, rather than motivation, are likely to be at play. For example, 
researchers might find large, convenient trash bins placed near refrigera-
tors, indicating that individuals have high opportunity to discard the food; 
removing such sources of easy opportunity might prompt consumers to 
process their options more reflectively. Intervention designers might also 
look for evidence of a link between habits and a given event or cue. If that 
link could be disrupted, the interventionist might then engage consumers 
in more active behavioral change. As an example, researchers might find 
that some individuals dispose of food too soon because of a calendar cue to 
clean the refrigerator on the first of the month, the calendar itself trigger-
ing the habit and the reward of a clean, spacious refrigerator. In this case, 
this old habit could be replaced with a new one. An intervention could be 
designed to interrupt the connection between the cue (the calendar) and the 
behavior (cleaning out the refrigerator)—for example, by renaming the first 
of the month “Leftover Day” and providing rewards for using rather than 
discarding leftovers and creative recipes for using the food. 

In both of these examples, successful interventions are likely to result 
from a systematic approach to addressing multiple drivers of consumers’ 
food waste behavior. Further, it may not always be simple to determine 
whether waste is occurring only automatically or reflectively, and in any 
given community, both are likely to occur. Research that captures the driv-
ers and the relative prevalence of such processes is critical to understanding 
how interventions should be bundled.

CONCLUSION 3-1: Consumer behaviors regarding food acquisition, 
consumption, storage, and disposal are complex; depend on context; 
and are driven by multiple, interacting individual, sociocultural, and 
material factors within and outside the food system. These drivers of 
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behavior can best be understood as affecting consumers’ motivation, 
ability, and opportunity to reduce food waste, through both reflective 
and automatic processes. 
 
CONCLUSION 3-2: The incomplete and limited research on drivers 
of food waste at the consumer level does not support prioritization of 
particular drivers of consumers’ food waste behaviors over others, but 
understanding of how the 11 summative drivers identified in Box 3-1 
combine to influence those behaviors can reveal promising targets for 
interventions to reduce food waste at the consumer level.
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4

Interventions to Reduce Food 
Waste at the Consumer Level

In the past decade, policy makers, researchers, nonprofit organizations, 
and industry leaders have focused increasing attention on efforts to 
reduce the wasting of food at the consumer level (see Chapter 2), but 

research on the effectiveness of interventions1 to reduce such waste is still 
relatively new. The committee searched the relevant literature for insights 
that can support the development of effective interventions to reduce food 
waste. As with the research on drivers of consumer behavior (see Chapter 
3), we looked first at the literature from the six related domains (energy 
conservation, water conservation, waste prevention/management, recycling, 
diet change, and weight management), with a focus on ideas that may al-
low food waste researchers to leapfrog forward on the basis of findings 
that may transfer across domains. We then turned to the available studies 
that have assessed the efficacy of interventions to reduce food waste at the 
consumer level. We developed a process for filtering the available research 
to identify those ideas supported by research with the strongest evidentiary 
methodological rigor, as well as the impacts that have been documented 
and the populations and contexts in which the interventions were assessed. 
We then considered the alignment of the ideas that emerged from this body 
of work with the motivation-opportunity-ability (MOA) framework and 
summarized key findings about the primary types of interventions that 
have been studied (details about selected studies are in Appendix D). This 
chapter presents the results of that analysis, as well as a discussion of the 

1 An intervention is defined as a combination of program elements designed to produce 
behavior changes among individuals or an entire population (Michie et al., 2011).
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limitations of the existing literature and the themes that emerged from these 
two bodies of work. 

LESSONS LEARNED FROM RELATED DOMAINS

Work from the six related domains offers insights about ways to modify 
behavior that may be useful for understanding and contextualizing the 
literature on food waste interventions. Although these fields differ in their 
goals and methods and use different terminology (see Chapter 1), com-
mon themes emerged across the literatures. The committee explored sys-
tematic reviews, narrative reviews, and meta-analyses to identify findings 
that would potentially be useful in the context of reducing consumer food 
waste. A few selected studies with empirical data were also reviewed. (The 
findings from this research are described more fully in Appendix E.) We 
identified four broad lessons about interventions to change behavior, which, 
not surprisingly, overlap with the lessons learned from these six fields about 
drivers of consumer behavior. 

Multifaceted interventions that take advantage of more than one interven-
tion strategy may be more effective than a single strategy alone. While it can 
be difficult to measure, depict, and disaggregate which strategies influence 
which behaviors, there is reason to believe that, in general, a combination 
of strategies is more likely than a single strategy to result in ample and 
sustained change in complex behaviors (e.g., Cox et al., 2010; Koop et al., 
2019; Marteau, 2017; Sharp et al., 2010; Thomson and Ravia, 2011; Va-
rotto and Spagnolli, 2017). A related point is highlighted by a meta-analysis 
from the weight management domain, which suggests that targeting mul-
tiple behaviors (in this case, dietary behaviors and physical activity) may 
be more effective than targeting single behaviors at stimulating weight loss 
(Sweet and Fortier, 2010). Similarly, a meta-analysis of behavior change 
interventions related to weight loss suggests that addressing motivation 
(e.g., with a communication style that addresses the motivation) along 
with ability (e.g., offering skills for “how to”) can be effective in initiating 
and sustaining behavior change (Samdal et al., 2017). Further, a systematic 
review of studies of solid waste management efforts shows that, although 
they can help increase societal awareness, public education interventions 
alone (without addressing beliefs, motivations, or attitudes) are insufficient 
to change behavior (Ma and Hipel, 2016). An important exception is iden-
tified in a recent review by Nisa and colleagues (2019) showing that for 
certain structured settings, simple alterations to choice architecture (i.e., 
nudges) can yield efficacy and effectiveness. 
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Contextual factors can play a key role in supporting or undermining behav-
ior change. Research on efforts to reduce waste through recycling suggests 
that characteristics of the context or environment in which a behavior is oc-
curring may have as great an influence on that behavior as individual-level 
factors, and that that there are many barriers to change, particularly outside 
the household context. External factors may either support or override in-
dividuals’ desire to waste less, or undermine efforts they make to consume 
or waste less (Cox et al., 2010). Two studies illustrate this point. The first, 
a small-scale study, examines waste reduction behaviors at home, at work, 
and on vacation, and shows that in the latter two contexts, people are less 
motivated to act proenvironmentally and perceive that they have less con-
trol over barriers to such behaviors than they do at home (Whitmarsh et 
al., 2018). The authors conclude that having a proenvironmental identity 
as a motivator is not a significant predictor of cross-contextual consistency. 
The second study, a systematic review and meta-analysis of psychological 
strategies for promoting household recycling, shows that environmental 
alterations that minimize the effort required (such as adding bins for waste 
sorting) are the second most effective strategy in changing behavior, after 
social modeling2 (Varotto and Spagnolli, 2017). 

Effective interventions may stimulate different types of cognitive processing. 
Meta-analyses show that effective interventions appeal to one or more of 
three types of cognitive processing: reflective, semireflective, or automatic.3 
Generally, interventions designed to appeal to reflective processing (e.g., 
those to increase a person’s knowledge about reasons for performing a 
behavior or to appeal to their self-efficacy) have been found to be insuf-
ficient to promote behavior change (Koop et al., 2019; Sharp et al., 2010; 
Thomson and Ravia, 2011; Varotto and Spagnolli, 2017). However, it has 
also been found, in the context of household recycling, that if people are 
already motivated to act, encouraging them to reflect on how to act may 
promote a desired behavior (Varotto and Spagnolli, 2017). 

2 The authors define social modeling interventions as those that include any kind of pass-
ing of information via demonstration or discussion in which the initiators indicate that they 
personally engage in the targeted behavior.

3 “Reflective processing” refers to conscious processing of information where attitudes 
are formed in light of rational arguments, relevant experiences, and knowledge. Tactics for 
interventions that appeal to this type of processing include knowledge transfer designed to 
increase self-efficacy. “Semireflective processing” refers to the formation of attitudes through 
rules of thumb and simple heuristics or cues. Tactics for interventions that appeal to this type 
of processing include those focused on social norms, framing, and tailoring. “Automatic pro-
cessing” refers to choices made on the basis of an automatic response, without the intervention 
of cognition. Tactics for interventions that appeal to this type of processing include emotional 
shortcuts, priming, and nudging.
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A review of empirical studies in the context of water conservation sug-
gests that interventions designed to stimulate semireflective processing (i.e., 
using simple cues that help people with making choices) can support long-
term behavior change (Koop et al., 2019). Based only on small, short-du-
ration studies, the same review also suggests that interventions intended to 
stimulate automatic cognitive processes using emotional cues, primes, and 
nudges have the potential to produce behavior change (Koop et al., 2019). 
Similarly, a meta-analysis of mechanisms for promoting household action 
on climate change (i.e., choice architecture, social comparison, informa-
tion, appeals, and engagement) shows that those using social architecture 
approaches (i.e., nudges) have the highest effect sizes (Nisa et al., 2019).

Understanding the types of cognitive processing being targeted will help 
with the design of interventions. Most recently, researchers have begun to 
create study designs that take more than one processing type into account. 

Interventions fall into broad categories in terms of how they operate. 
Research across the six related domains has produced a range of findings 
about the efficacy and effectiveness of specific kinds of interventions. These 
findings suggest that tailoring combinations of interventions to particular 
circumstances is important because the strengths and weaknesses of in-
terventions may be more or less significant in different contexts. Several 
scholars have proposed ways of categorizing types of interventions designed 
to change behaviors to facilitate identifying and leveraging their relative 
strengths. The committee adopted the following categorization of the types 
of interventions based on terminology used frequently in other domains 
(see, e.g., Nisa et al., 2019)4 to organize and interpret and compare the 
results of the studies (see definitions in Appendix G): 

•	 appealing to values, 
•	 engaging consumers, 
•	 evoking social comparison,  
•	 providing feedback, 
•	 providing financial incentives, 
•	 modifying the choice architecture (i.e., nudges), and
•	 providing how-to information. 

Applying this categorization illustrates that the types of interventions 
identified as most effective in the literature from the six domains are varied, 
and suggests that many types can be effective depending on the context. 
For example, Nisa and colleagues (2019) found that, overall, interventions 

4 Appendix E describes other categorizations proposed (e.g., by construct, by strategy, by 
process).
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in the categories of modifying the choice architecture (i.e., nudges, remov-
ing external barriers) and evoking social comparison (i.e., comparing one’s 
behavior with others) were more efficacious for behavior change than such 
traditional interventions as providing information (e.g., statistics, simple 
messages, energy labels); appealing to values (e.g., requests to change be-
havior for the benefit of humanity); and engaging consumers (e.g., targeting 
goal setting, implementation intentions). A deeper exploration of this litera-
ture (see Appendix E) suggests that each of the seven types of intervention 
can play an important role but that nuances need to be considered.  

Caution is necessary in attributing effectiveness to any particular type of 
intervention: each is most effective when targeted appropriately to context, 
populations, and goals. For example, although information interventions 
are generally less effective than other types, communication campaigns 
providing information about health can be effective, particularly when 
aimed at changing one-time or infrequent behaviors, but generally are less 
effective at changing habits (Snyder, 2007). Research on financial incentives 
to motivate behavior also illustrates the need to understand the full effects 
of an intervention, including short- and long-term effects. While research 
suggests that using financial incentives to stimulate behavior change can be 
effective (e.g., for changing diets [Niebylski et al., 2015] or for reducing 
solid waste disposal at the residential level [Skumatz, 2008]), over the long 
term it may negatively affect individuals’ intrinsic motivation to change the 
targeted behavior (Delmas et al., 2013; Soderholm, 2010).

REVIEW OF THE EVIDENCE FROM THE 
FOOD WASTE LITERATURE

The committee conducted an extensive literature search to identify 
studies that assessed the effects of interventions intended to reduce food 
waste at the consumer level. Taking into consideration the upstream and 
system-level aspects of food waste, we examined interventions that target 
both individuals directly and components of the food supply chain, includ-
ing such businesses as food service venues and food retailers. We developed 
a procedure for sorting the results of this search and assessing the strength 
of the evidentiary support for the findings it yielded. The next step was to 
consider the fit of the MOA framework to this body of work. We organized 
studies according to the above seven types of interventions and assessed 
the evidence. 

Process for Reviewing the Literature

The literature search initially covered the period 2005 through June 
2019, and was augmented thereafter as committee members and staff 
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became aware of additional qualifying studies. The search yielded a total 
of 64 peer-reviewed intervention studies. Some non-peer-reviewed literature 
on relevant interventions was also examined. (Appendix B provides a more 
detailed description of the literature search.)

Quality Criteria Applied to Peer-Reviewed Studies

The quality of the studies identified varied substantially, so the commit-
tee established four criteria, which align with evidence standards endorsed 
for research in prevention science (Gottfredson et al., 2015), for assessing 
the weight we would give each study in interpreting the evidence: 

1. Was an intervention implemented?
2. Was wasted food measured (not just changes in intentions to waste 

or in behaviors that could reduce food waste)?
3. Did the study design permit analyses to isolate the causal effect of 

the intervention?
4. Were statistical analyses adequate for determining statistical 

significance?

Table 4-1 shows how these criteria were applied. We designated stud-
ies that met all four criteria as tier 1, and those that met fewer than four 
criteria as tier 2.

The committee used criterion 1 (an intervention was implemented) 
to ensure that it would rely only on studies assessing newly implemented 
practices, rather than comparisons across sites or groups with different pre-
existing practices. Studies that meet criterion 2 (wasted food was measured, 
either directly or using such proxies as diaries) yield stronger evidence be-
cause they describe interventions that produced actual changes in behavior. 

TABLE 4-1 Criteria for Identifying Tier 1 Studies 

Criteria (All Must Be Met for Tier 1) Examples of Not Meeting Criterion

1. An intervention was implemented Comparing locations with preexisting 
differences in practices where one practice 
matches the proposed intervention

2. Wasted food was measured Intended waste was measured; actions that 
could lead to reduced waste were measured 
(e.g., leftover bag use, ugly food purchases)

3. Causal effect can be attributed Pre- vs. postintervention analysis without 
an appropriate control group

4. Adequate statistical analyses Study fails to assess statistical significance

NOTE: Tier 2 studies fail to meet at least one of these four criteria.
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Considerable research has shown that estimated effect sizes in studies of 
interventions aimed at altering household behaviors are significantly larger 
when the outcomes measured were changes in attitudes or intentions rather 
than actual behaviors (Andreasen, 2012; Webb and Sheeran, 2006). 

Criterion 3 (causal effect can be attributed) excludes studies whose design 
and implementation do not permit clear identification of causal effects. One 
frequently observed design that fails to meet criterion 3 involves pre/post 
comparisons of food waste with no control group. Without well-designed 
control groups, there could be many reasons for observed reductions in 
food discards (e.g., seasonal changes in rates of food waste that happen to 
coincide with implementation of an intervention). Criterion 4 (adequate 
statistical analyses) limits the studies on which the committee relied to those 
in which the calculation and reporting of effect sizes are consistent with 
established practice and suitably clear for assessing the evidence; that is, 
statistical significance and relevant magnitudes can be ascertained from the 
published material.

Together, these four criteria helped the committee identify evidence 
supporting claims that interventions demonstrated merit across several di-
mensions of validity (internal, external, construct, and statistical conclusion 
validity; see Shadish et al. [2002]). We note that use of the term “quality” 
for tier 1 studies is not intended to imply that studies outside this tier are 
necessarily of low quality or not informative; researchers may use diverse 
approaches and methods depending on various factors, including their goals 
and resources. 

Comments on the Evidence

The interventions covered in the committee’s review were designed to 
operate in a range of contexts: at the household level; at establishments 
where individuals eat (i.e., food service settings); at other levels of the sup-
ply chain that could influence consumer behavior (e.g., food retailers or 
farmers’ markets); and in some cases, outside the food supply chain (e.g., 
community, media). About three-quarters of the studies were conducted 
outside the United States, so we judged their applicability to the U.S. con-
text based on the similarity of relevant cultural and value aspects (e.g. the 
value of food). 

Figure 4-1 shows the distribution of peer-reviewed studies by tier and 
intervention setting. There are five times as many tier 2 studies as tier 1 
studies, and about half of the studies in each tier focus on food service set-
tings. All the studies considered are described in Appendix D.

The empirical studies that meet the committee’s inclusion criteria all 
rely on linear approaches to assessment instead of the systems approach 
endorsed by the committee (see Chapter 1). Because of the burden of 
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implementation and tracking, most intervention studies focus on a single 
stage in the consumer process (e.g., purchase, home meal preparation, 
consumption, discard) rather than on circumstances that involve multiple 
components of the food system. Therefore, although these studies suggest 
causal relationships between interventions and reductions in food waste, 
they do not include assessment of the more complex feedbacks that would 
be expected from interventions designed with a systems approach. How-
ever, many of the studies examine designs that make use of more than one 
intervention type; many also address more than one of the three elements 
of the MOA framework. Although the available studies do not address 
multiple stages within the food supply chain, they do support the idea that 
multiple strategies may reinforce each other in an effort to effect change.

The committee also reviewed key modeling studies, which, rather than 
providing empirical assessments of interventions, depict how interventions 
may affect food waste and other variables of interest across the food sup-
ply chain. Modeling studies are particularly useful for exploring potential 
systems-level effects. Such effects include spillovers (such as impacts on 
other parts of the food supply chain or society) and unintended effects (such 
as shifting waste from one part of the system to another). Modeling studies 
also support predictions about behavioral and organizational responses that 
arise at points in the food supply chain not directly targeted by an interven-
tion, as well as the associated costs and benefits. Typically, such studies are 
based on assumptions about the structural relationships among key system 

FIGURE 4-1 Peer-reviewed studies by tier and setting.
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components and rely on previously available empirical data to calibrate 
these relationships. They can generate fresh insights and broaden the focus 
from the effects of singular interventions to wider impacts and multiple 
outcomes. For example, the broadest modeling study found (Chitnis et al., 
2014) explores system-wide rebound effects of food waste reduction efforts 
together with other proenvironmental behaviors that households might 
undertake. The authors assess the implications of food waste reduction ef-
forts for greenhouse gas emissions by estimating from secondary data how 
households would spend the money they save by wasting less food.

In addition, the committee reviewed selected non-peer-reviewed (gray 
literature) intervention and modeling studies. We considered these studies 
as additional information in our overall discussion of the evidence. 

Applying the MOA Framework 

The committee next considered the relationship between the seven 
intervention types listed earlier (appealing to values, engaging consumers, 
evoking social comparison, providing feedback, providing financial incen-
tives, modifying the choice architecture [i.e., nudges], and providing how-to 
information) and the three elements of the MOA framework (see Figure 
4-2). Several intervention types are broad enough to be linked with two 
or more elements of this framework. For example, nudges can affect both 
opportunity (e.g., by reducing plate size) and motivation (e.g., by changing 
when school meals are served relative to children’s recess periods). 

The MOA framework highlights the importance of implementing in-
terventions that address more than one of its three elements to support 
behavior change. For example, as discussed previously, although interven-
tions that increase motivation can change behavior, motivation alone is 
generally insufficient to lead to participation in that behavior. When ability 
and opportunity to change behavior are not present, interventions that in-
crease them also are needed. Thus, for example, even if individuals wish to 
reduce food waste, refrigerators that are set at the wrong temperature can 
increase the perishability of food, making it more difficult to translate that 
motivation into a desired outcome. 

Another advantage of the MOA framework, emphasized in Chapter 1, 
is that it allows for consideration of automatic behaviors, such as habits 
and norms that are not reliant on explicit individual motivation (Kwas-
nicka et al., 2016). That is, when motivation, opportunity, or ability is 
low, consumers are likely to be influenced by factors related to routine, 
choice context, nonconscious factors, or social norms, and that addressing 
individual, group, and societal cues will increase the chances of achieving 
sustained behavioral change. 
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Review of Interventions by Type

Figure 4-3A shows the distribution of intervention types by the strength 
of the evidence supporting them (by study tier) while Figure 4-3B shows 
their distribution by study setting (at or away from home). Together, these 
figures reveal several patterns. First, about half of the studies reviewed ad-
dress multiple interventions, and therefore, the count of intervention types 
exceeds the number of studies (e.g., 25 intervention types are addressed 
in the 12 tier 1 studies; see Figure 4-3A). While this multi-intervention 
approach may be beneficial, many of these studies do not allow for the 
segmentation of results to yield clear insight into the roles of the different 
intervention types. Second, both figures highlight the dominance of inter-
vention types that operate to increase consumer motivation (i.e., appeals, 
social comparison, feedback): more than half the studies reviewed feature 
at least one intervention linked to motivation. Third, among studies of 

FIGURE 4-2 Relationship between intervention types and the elements of the motivation- 
opportunity-ability (MOA) framework.  
NOTE: The placement of an intervention type in the intersection of multiple circles usually 
means that the category encompasses some interventions within one element and some within 
another. However, some interventions may affect multiple elements simultaneously.
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FIGURE 4-3A Strength of the evidence base for the seven types of intervention.

FIGURE 4-3B Distribution of intervention studies by setting (in-home versus retail and food 
service).
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interventions focused on opportunity (i.e., nudges), the majority fall into 
tier 2 and were conducted outside the home. Studies of interventions fo-
cused on ability (e.g., information messages to build knowledge and skills) 
focus primarily on households. 

Overall, this body of work addresses primarily intervention efficacy 
(the extent to which an intervention produces the desired results under ideal 
circumstances) and, to a lesser extent, effectiveness (the extent to which an 
intervention is shown to achieve its aims in laboratory conditions or real-
world settings). Few of the studies explore implementation factors, such as 
cost, feasibility, and ease of implementation, that play a role in selecting 
interventions; the need to address this gap is discussed in Chapter 6. Also, 
few of the studies explore additional systems effects of interventions, such 
as system-wide feedbacks, rebound effects, and cobenefits or coharms for 
nonwaste outcomes. None of the studies consider the implications of inter-
ventions for income inequality or other distributional concerns. 

Appeals

Appeal interventions encourage consumers to change their behavior 
to achieve a social benefit. Explicit appeals, which request action directly, 
are distinct from implicit appeals, which do not make a request. Implicit 
appeals may be based on a presumption that the facts will tap into existing 
attitudes or values, or may serve as prompts to action by raising awareness. 
Explicit appeals build on those mechanisms and also activate the human 
tendency to respond to requests, particularly when they align with values, 
when the requestor is valued, or when something is owed to the requestor 
(reciprocity). Twenty-five of the 64 studies reviewed by the committee 
included appeal interventions: 13 that used explicit appeals, 3 that used 
implicit appeals, and 9 that used both and other intervention types. The 
largest number of interventions presented signage or other messaging in 
food service venues, often in universities. Other interventions provided mes-
sages directly to study participants or engaged participants in creating mes-
sages; one pair of studies involved delivering messages to the general public. 

One tier 1 study (Ellison et al., 2019) found a null effect for the appeal 
component, and one found an overall null intervention effect (Liz Martins 
et al., 2016), but it was not possible to isolate the appeal component. All 
but three of the tier 2 studies found statistically significant impacts, with 
the magnitude of effect varying. A few tier 2 studies involved comparing 
appeal interventions with other types, such as providing information (Col-
lart and Interis, 2018) and feedback (Whitehair et al., 2013), with results 
favorable to appeal interventions. In at least a quarter of the studies, it 
was not possible to disentangle the results of the appeal intervention from 
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those of other interventions included in the study. Few studies looked at 
maintenance of impact across time.

Engagement

Engagement interventions change psychological processes by engaging 
the consumer in, for example, setting goals, establishing implementation 
intentions, making a commitment, or increasing mindfulness toward the 
target behavior. Twelve studies (six in tier 1) featured such interventions, 
which are often multifaceted, operating through multiple drivers. Thus, the 
results of this type of intervention may be manifested in a variety of ways. 
These interventions have a mixed record in delivering significant reductions 
in food waste, which makes it difficult to provide a summary evaluation. 
For example, engagement interventions delivered in the home included di-
verse mechanisms: systematically engaging individuals to reconsider house-
hold food routines (Devaney and Davies, 2017, tier 2); providing tools to 
support changes in meal planning or preparation (Romani et al., 2018, tier 
1); and using gamification to accelerate and deepen learning about wasted 
food (Soma et al., 2020, tier 1). 

Several food service interventions were also comprehensive, involv-
ing food service personnel and patrons (Strotmann et al., 2017, tier 2) or 
both food service personnel and student customers (Prescott et al., 2019, 
tier 1). The results of these studies suggest that interventions aimed at re-
programming base processes that drive food waste hold promise, but the 
lack of consistent reductions implies that formulating the multiple elements 
common to this approach may be difficult. Furthermore, the complex and 
multifaceted nature of these interventions impedes assessment of which 
individual strategy or subset of strategies drives efficacy.

Social Comparison

Social comparison interventions operate on principles of social influ-
ence. Twelve studies, all tier 2, included such interventions. The interventions 
studied were diverse, focusing on social desirability, public commitment, so-
cial media communications, communication of social norms, food sharing, 
and such situations as workshops in which a peer group might influence 
behavior. The authors of only three of these studies provide quantitative re-
sults that make it possible to distinguish the effects of the social comparison 
intervention from those of other interventions in the study. Two of these 
three focused on restaurant leftovers. Hamerman and colleagues (2018) and 
Stockli and colleagues (2018) found that messages designed to invoke social 
norms (i.e., saying a majority of patrons request to take food home) were 
not more effective than informative messages. Hamerman and colleagues 
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(2018) found that study participants were significantly more likely to re-
quest to take home leftovers when they envisioned dining with friends ver-
sus dining with someone they wanted to impress. Five of the studies used 
qualitative or mixed-method approaches, with all but one suggesting that 
social comparison was beneficial in preventing waste. However, findings 
from Lazell (2016) echo those from Hamerman et al. (2018), suggesting 
that the effectiveness of social comparison interventions can depend on 
participants’ views about what behavior is normative and about the social 
groups with which they are comparing themselves. Overall, the evidence 
regarding social comparison interventions is inconclusive, and the research 
suggests a need for nuanced intervention development and careful selection 
of social groups for comparison and messaging.

Feedback

Feedback interventions shape targeted behaviors by providing infor-
mation that reinforces or corrects those behaviors. Seven of the studies 
reviewed (three tier 1) featured feedback interventions, largely as part of 
multifaceted interventions implemented in food service settings. Thus, it 
was difficult to identify the individual impact of the feedback strategies. A 
common strategy was to offer cafeteria patrons feedback concerning the 
average waste created by other patrons, although studies using such strate-
gies as part of a multifaceted intervention revealed little success. Personal-
ized feedback, often generated for elementary and middle school students 
in cafeteria settings as part of a multifaceted intervention, showed some 
statistically significant effects (e.g., Liz Martins et al., 2016, tier 1; Prescott 
et al., 2019, tier 1). Feedback delivered among different food service worker 
stations within a large hospital facility showed promise as part of a mul-
tifaceted intervention that significantly reduced waste (Strotmann et al., 
2017, tier 2). And a qualitative assessment of the use of home cameras to 
track waste suggests that such approaches could stimulate waste reduction 
by invoking feelings of shame (Comber and Thieme, 2013, tier 2). Overall, 
feedback interventions have a mixed record, with weaker effects when 
feedback is not individualized.

Financial Incentives

Interventions providing financial incentives alter the monetary con-
sequences of behaviors that can influence the amount of food consumers 
waste. One tier 1 study in South Korea found financial penalties that 
increase with amount of wasted food generated at the household level to 
be more effective at reducing the amount of wasted food than financial 
penalties tied to community level waste amounts (Lee and Jung, 2017). The 
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authors, however, noted illegal dumping as a potential unintended conse-
quence. It has been well documented that overall household waste disposal 
(food plus nonfood waste) declines when households are forced to pay 
more for additional amounts of waste (Bel and Gradus, 2016). Nine tier 
2 studies featured other financial interventions. Most involved comparing 
the effects of retail price reductions with those of other approaches used to 
encourage consumers to purchase suboptimal (ugly or expired) food that 
might otherwise be wasted. These studies yielded statistically significant 
evidence that price reductions can increase purchase intentions. However, 
alternative motivational approaches, such as highlighting the environmental 
consequences of food waste, often yielded changes similar to those seen in 
purchase intentions or enhanced the effectiveness of price discounts. 

Two studies focused on quantity (e.g., large-pack or multipack) dis-
counts (LeBorgne et al. 2018, tier 2; Petit et al., 2019, tier 2). These stud-
ies showed that giving consumers information about how such deals can 
translate to greater waste had less effect on purchase intentions relative to 
simply lowering unit costs for certain foods. Two studies in food service 
settings showed mixed results for comparison of the efficacy of imposing 
fines for excessive plate waste and emphasizing environmental benefits to 
reduce plate waste (Chen and Jai, 2018, tier 2; Kuo and Shih, 2016, tier 2). 

Overall, financial incentives are a promising way to discourage be-
haviors that are precursors to food waste and to increase motivation for 
overall home waste reduction. However, linking financial incentives to de-
cision points specific to wasting food may prove difficult, and establishing 
efficacy and implementation feasibility will require considerable additional 
research.

Nudges

Nudge interventions alter the choice architecture faced by consumers in 
a manner designed to encourage targeted behaviors without engaging con-
scious (reflective) decision making (see Chapter 1). The committee reviewed 
24 studies (four tier 1) that involved such interventions, most of which ad-
dressed food service settings. The nudge interventions studied operated by 
means of diverse mechanisms, including shifting perceived quantity, altering 
appeal, or changing the default/easiest action. The interventions assessed in 
about 40 percent of the studies focused on shifting consumers’ perceptions 
of quantity through changes to portion size, package size, plate size, or 
tray availability. Most of the studies found significant reductions in waste 
attributable to quantity manipulations, although only two such studies 
were tier 1. Three studies (Kim and Morawski, 2013, tier 1; Sarjahani et 
al., 2009, tier 2; Thiagarajah and Getty 2013, tier 2) focused on removal 
of cafeteria trays, which limits quantity by making it more difficult for 
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patrons in buffet settings to carry multiple plates. All three of these stud-
ies (plus several non-peer-reviewed studies) found significant reductions in 
plate waste. In contrast, one recent non-peer-reviewed study (Cardwell et 
al., 2019) found no effect.  

Another 40 percent of studies involved altering the appeal of food 
with the intent of decreasing waste by encouraging increased consumption. 
Several tier 2 studies enhanced appeal directly by improving meal quality 
or better matching meal components to patrons’ preferences; a majority of 
those studies showed a significant reduction in waste for these interven-
tions. Other studies, including two tier 1 studies (Ilyuk, 2018; Williamson 
et al., 2016), involved nudges to increase appeal less directly, including by 
altering the quality of the material of the plate used; providing priming 
messages to subtly enhance the self-esteem of customers considering the 
purchase of suboptimal foods; making purchasing require more effort to 
enhance the consumer’s psychological ownership of food; and providing 
cafeteria meals after recess, when students’ appetites would be greater. All 
four studies found significant effects.

The remaining studies (all tier 2) involved forcing changes to consum-
ers’ default behaviors. Two studies focused on date labels, with one alter-
ing descriptive phrases (e.g., changing “sell by” to “use by”) to stimulate 
different processing of date information (no effect) and the other removing 
dates to force different evaluation approaches for product freshness (sig-
nificant reduction). One study (Manzocco et al., 2017, tier 2) considered 
how lowering ambient refrigerator temperatures might help consumers 
discard less produce. Modeling studies also highlight the potential benefits 
of improving refrigeration design (see details in Appendix D). Extending 
the time period at which food remains at peak quality is among the most 
promising approaches to preventing waste at all levels of the food supply 
chain, and such approaches have particular utility for helping consumers 
navigate scheduling shifts that prevent using purchased food when planned. 
Although considerable technological design effort exists in that space, such 
as packaging, including modeling studies assessing potential impacts, they 
are seldom tested in interventions that specifically assess the impact on 
consumer discards; and thus other studies did not qualify for this review. 
Policies that ban organic waste from landfills can also change default behav-
iors (Sandson and Broad Leib, 2019), although none of the studies reviewed 
examined such interventions. 

Overall, the evidence for nudge interventions focused on shifting food 
quantity and appeal is stronger than that for any of the other intervention 
types, with statistically significant effect sizes being documented in multiple 
studies of this intervention type. However, the evidence is mixed, dominated 
by tier 2 studies, and limited in context (studies of nudges were primarily 
short-run evaluations carried out in buffet settings). Further, the potential 
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for these interventions to be feasible needs to be considered in light of ef-
fects of the COVID-19 pandemic, such as how the closing of food service 
venues during the pandemic will affect other practices related to food.

Information 

One of the most common and seemingly intuitive approaches to ad-
dressing food waste is providing participants with concrete advice aimed 
at helping them reduce their waste: a tool for action, such as knowledge 
or skills regarding how to reduce waste. This category is distinct from ap-
peal and feedback interventions, which also provide forms of information; 
information interventions entail providing only “how-to” information. 
Intervention designs of this type are often rooted in the theory of planned 
behavior (see Chapter 1). 

The committee’s literature search identified 22 studies that included 
information interventions, three of which are tier 1 studies. The interven-
tions studied were fairly evenly divided between household and food service 
settings. In most cases, the guidance provided included multiple how-to 
tips targeting different strategies for reducing food waste or preserving 
food longer. The information and tools provided were often designed to be 
proximate to the point of decision making (e.g., refrigerator magnets and 
food containers for storage decisions, spreadsheets for use when planning 
meals). Advice was provided in a variety of modalities, from pamphlets and 
information packets to films, signage, and social media. 

In most cases, the information interventions paired advice with other 
interventions, such as calls to action, tracking, or communication of social 
norms. Thus in many of the studies (8 of the 22, including 2 of the 3 tier 
1 studies [Liz Martins et al., 2016; van der Werf et al., 2019]), it was not 
possible to distinguish the effects of the information component itself. The 
third tier 1 study (Soma et al., 2020) showed a small effect for the informa-
tion component when the intervention encouraged participants to engage 
actively with the information through quizzes with rewards, while passive 
participation or modes that required more coordination to achieve en-
gagement (attending group workshops) failed to produce significant waste 
reduction. 

Six of the tier 2 studies found significant positive effects that could be 
attributed directly to the information provision. One involved tailoring the 
information provided based on pretest results, a procedure that significantly 
improved outcomes (Schmidt, 2016). Two studies found null effects of the 
information provision (Ahmed et al., 2018; Jagau and Vyrastekova, 2017). 
In some cases, effects measured reflected intermediate outcomes, such as 
knowledge. Qualitative studies generally found positive effects for provid-
ing information through such means as intensive small-group sessions. The 
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committee also reviewed two studies (tier 2) where a UK retailer imple-
mented multiple informational and social approaches using communication 
techniques, with positive effects on food waste (Young et al., 2017, 2018). 
Several other reports of large-scale information interventions that had not 
been peer-reviewed also suggested potential positive impacts for informa-
tion interventions. 

In summary, while some studies suggest significant effects may be 
achieved with simple informational interventions alone, other studies sug-
gest null effects, and long-term impacts must be assessed. Additionally, as 
the public grows more knowledgeable about wasted food, the impact of 
informational approaches may be reduced.

SUMMARY AND CONCLUSIONS

Interventions to address consumer-level food waste address different 
components of the food system (e.g., food retail, cafeterias in schools and 
higher education settings, hospitals, and restaurants; households; and gov-
ernment policies) using a wide range of mechanisms. The increased atten-
tion to food waste over the past decade (see Chapter 2) and the growing 
body of research on the drivers of consumer behavior in the food waste and 
related domains may give the impression that much is already known about 
how to promote behaviors that reduce food waste. Yet as the evidence 
discussed in this chapter demonstrates, the literature evaluating interven-
tions to reduce food waste is relatively small, and high-quality experiments 
are sparse, although rapidly developing. The broader body of research on 
interventions in the six related domains considered by the committee and 
the smaller, emerging body of work specific to food waste, are being car-
ried out in a variety of fields and research traditions (see Chapter 1). Thus, 
integrating and assessing the findings from the literature is challenging. 
In addition, differences in terminology make it difficult to compare find-
ings in the food waste literature with those from the six related domains. 
Nevertheless, many tantalizing findings suggest the potential for impacts 
of high magnitude. 

In the research from the six related domains, the committee identified 
evidence about interventions that appeared to be effective in changing be-
havior, based on broad findings from across populations and contexts (see 
Appendix E). Some of those findings were also identified in the emerging 
food waste literature and they are discussed below. 
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Findings about Interventions

The Value of Multifaceted Interventions 

Research from the six related domains demonstrates that in general, 
multifaceted interventions that leverage more than one mechanism may 
be more effective than those that rely on a single mechanism. Most of the 
interventions studied in the food waste literature were multifaceted in that 
they included components reflecting more than one of the seven types of 
interventions discussed in this chapter—for example, an intervention that 
both provided information and appealed to consumers’ values related to 
the information given. 

One reason a multifaceted intervention is likely to be more effective 
than a unitary approach is that food waste, like many other behaviors, is 
driven by multiple influences. The components of the former interventions 
thus may reinforce each other and amplify the overall power of the effort 
to effect change. Moreover, the effects of multifaceted interventions can 
be augmented because the combined interventions can address more than 
one of the three elements of the MOA framework. Additional benefits can 
come from combining interventions effective at initiating behaviors with 
those effective at sustaining behaviors. These observations do not indicate 
that multifaceted interventions are essential in all case. For example, uni-
tary interventions from the nudge category, such as tray removal and plate 
size reduction, leverage automatic decision processes and yield significant 
reductions in waste on their own. Moreover, the food waste literature is not 
yet substantial enough to support a firm conclusion that bundled interven-
tions are uniformly more effective than single interventions. Nonetheless, 
the existing evidence certainly suggests the value of integrating multiple 
intervention types. 

The Value of Understanding Cognitive Processes

As mentioned in Chapter 1, early theories characterized human behav-
ior as being predominantly conscious and driven by reason, while more 
recent work has demonstrated that individual behaviors are responsive 
to both reflective and automatic processes. The seven intervention types 
can be thought of in terms of the behavioral processes they target, which 
fall on a continuum ranging from reflective to semireflective to automatic. 
Reflective processes can be targeted by interventions featuring informa-
tion, appeals, feedback, engagement, and financial incentives, in which the 
objective is for consumers to reflect and reason about their behaviors and 
decide to alter them. Semireflective processes can be targeted by interven-
tions featuring engagement, social comparison, financial incentive, and in 
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some cases, nudges (e.g., plate size as a cue for food acquisition in a buffet). 
These interventions, which often operate by altering consumers’ heuristics, 
begin to shape behaviors more subtly. Automatic processes are commonly 
targeted by social comparison and nudge interventions, which are designed 
to change behavior by altering choice architecture, removing barriers to 
behavior, or provoking instantaneous responses without necessarily engag-
ing a consumer’s reflective processes. As discussed in Chapter 3, knowledge 
of the drivers of specific food waste behaviors, as well as understanding 
of the cognitive processes (e.g., reflective or automatic) and elements of 
the MOA framework involved in those behaviors, can guide the design of 
future interventions.

Relative Effectiveness of Intervention Types 

The types of interventions that have been most effective in the six 
related domains are varied, suggesting that many types can be effective de-
pending on contextual factors. Among the seven intervention types, those 
focused on choice architecture (i.e., nudges, removing external barriers) and 
social comparison (i.e., comparing one’s behavior with that of others) have 
been found to be more efficacious than the other types. However, factors 
related to the circumstances and domains in which the various intervention 
types are implemented influence how effective they are. For example, each 
is most effective when targeted appropriately to context and when such 
factors as the duration of the intervention, the content of messages, and 
integration with other interventions are considered. It is also important to 
consider the target population: for example, financial incentives may be 
effective with some consumers, but financial disparities can alter how such 
an intervention is experienced. 

The existing evidence does not support an assertion that any interven-
tions are effective across domains or support the identification of combina-
tions of intervention types that are more effective at reducing consumer-level 
food waste in all contexts and for all populations. For example, while the 
use of nudges in away-from-home settings (e.g., trayless cafeterias) appears 
to be effective, nudges in households might require additional strategies 
(e.g., to motivate consumers to purchase smaller plates). The committee 
emphasizes that only 11 peer-reviewed food waste studies met all four of 
its tier 1 evaluation criteria. No intervention types are yet supported by a 
suite of well-executed studies, carried out with multiple populations and 
in varied contexts over a suitable duration to support strong conclusions.

CONCLUSION 4-1: Existing research does not yet provide the highest 
level of support for widespread adoption of specific interventions in 
multiple contexts. However, there is evidence that some interventions 
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may be efficacious at reducing food waste at the consumer level in the 
short term, and suggestive evidence of the potential benefits of other 
types of interventions. 

Findings supporting this conclusion are summarized in Table 4-2. The 
committee urges caution, however, in generalizing about the efficacy and ef-
fectiveness of interventions based on these findings. The effectiveness of any 
intervention will depend on its being well designed, tailored to the context 
and with consideration of various elements of the MOA framework, and 
well implemented. The additional research needed to evaluate the efficacy 
and effectiveness of promising interventions is discussed in Chapter 6. 

Limitations and Gaps in the Evidence Base

Although the rapid pace of intervention development and competition 
for the limited funds available to address food waste can make evaluation 
of interventions appear to be a luxury, evaluation is essential to further 
progress in reducing consumer-level food waste. The committee notes mul-
tiple limitations across the reviewed literature, with even the best available 
tier 1 studies suffering from such limitations as a lack of long-term evalu-
ation and lack of replication that are impeding progress. These limitations 
are summarized in this section. The committee’s specific research recom-
mendations are presented in Chapter 6. 

CONCLUSION 4-2: Although many of the food waste studies re-
viewed met high standards of quality, the current body of literature has 
limitations that need attention in future research designs. Those limita-
tions include limited field-based research; the small scale of the studies; 
lack of long-term evaluation; the diverse approaches used in measuring 
wasted food; lack of a systems approach, including implementation of 
diverse intervention types and measurement of trade-offs; lack of atten-
tion to distributional and equity considerations; and limited consider-
ation of implementation. Replication in a range of U.S. populations and 
contexts, which would increase generalizability, is critically lacking.

Because context shapes behavior and is therefore a key factor to con-
sider in studying behavior change, research conducted in the field (e.g., food 
service and retail store settings) can provide essential insights. On the other 
hand, field research presents practical difficulties that do not affect labo-
ratory and desk-based research, such as the fact that establishing control 
groups is not always feasible. Moreover, many food waste interventions 
are designed to be implemented in settings, such as school cafeterias, food 
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TABLE 4-2 Types of Interventions and Examples with Evidence  
(Tier 1 Studies) and Suggestive Evidence (Tier 2 Studies) of Efficacy  
in Reducing Food Wastea,b

Intervention Examples

Appeals With evidence:
• Delivering materials with appeal combined with other 

messaging intervention types (such as information, 
feedback) direct to residents 

• Providing food systems education to students and having 
them contribute to the design of a poster with an appeal 
message 

• Sharing information about harms of food waste 
• Requesting diners to reduce portions, take less food, or 

take more trips to the buffet 

With suggestive evidence:
• Using a self-affirmation intervention to increase receptivity 

to food waste prevention messages 
• Displaying posters encouraging university diners not to take 

food they would not eat 
• Displaying posters triggering negative social emotions 

associated with wasting 
• Linking altruistic or virtue messages with waste prevention

Engagement With evidence:
• Engaging schoolteachers and students through curriculum 

and related projects to deepen understanding of and 
personal commitment to reducing food waste 

• Engaging food service workers, managers, and patrons to 
deepen understanding of the magnitude and consequences 
of food waste and to jointly develop solutions customized 
to their food service setting

Social Comparisons With suggestive evidence:
• Using social interactions and shared values to promote 

waste reduction among multiple partners in community 
• Reducing the social stigma of requesting a box for 

restaurant leftovers by having the server offer it
• Using public commitments as a way to be accountable 
• Using public demonstrations of results through such 

interventions as bin cameras

Feedback With suggestive evidence:
• Providing personalized feedback about the success of waste 

reduction efforts as part of a broader set of intervention 
strategies
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Intervention Examples

Financial With evidence:
• Paying more as more waste is discarded from the home

With suggestive evidence:
• Offering price discounts on suboptimal food
• Removing discounts for bulk or multiunit purchases

Nudges With evidence:
• Reducing food quantities in buffet settings through the use 

of smaller plates, smaller portions, or tray removal 
• Switching serveware from paper to plastic plates
• Increasing consumers’ psychological ownership of food

With suggestive evidence:
• Increasing food’s appeal through changes in meal quality 

and timing 
• Removing date labels
• Setting appropriate refrigerator temperatures

Information With evidence:
• Conducting campaigns that provide booklets, refrigerator 

magnets, informational emails sent directly to participants 
in home or school settings, generally used as part of 
a multifaceted intervention combined with appeal or 
feedback interventions

• The above plus providing food storage containers 

With suggestive evidence:
• Tailoring information to respondent needs 
• Conducting small, intensive workshops 
• Asking participants to read a single article about food 

waste 
• Publicly sharing information through such means as 

posters, recipes, in-store cooking demonstrations, and social 
media as part of a multifaceted campaign 

• Conducting national campaigns providing information and 
skills to reduce food waste

aTier 1 studies met four criteria: an intervention was implemented, wasted food was mea-
sured, causal effect can be attributed, and statistical analysis was adequate. Tier 2 studies failed 
to meet at least one of those four criteria.

bThe committee urges caution in extrapolating the information in this table to generalized 
statements about the efficacy and effectiveness of these interventions, which will depend on 
many other factors.

TABLE 4-2 Continued
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stores, or restaurants that are not accustomed to research partnerships and 
may not view evaluation as a priority. 

Short-Term, Small-Scale Studies

The food waste literature contains very few studies that assess medium- 
and long-term effects. Most studies evaluate effects on time scales of hours 
to weeks, but meaningful change in food waste behavior requires impacts 
on the scale of many years. Moreover, when assessment is only short 
term, intermittent waste events (e.g., freezer cleanouts) that can dominate 
total household waste levels may be missed (Parizeau et al., 2015). It is 
particularly important to replicate small studies that yield intriguing find-
ings, including intervention opportunities that tap into rarely discussed 
change mechanisms, using longer timeframes and other methodological 
improvements. 

Diverse Approaches to Measuring Wasted Food

Measuring change in the actual waste of food can be costly and pres-
ents logistical and methodological challenges. As a result, many studies use 
alternative outcome measures with varying levels of reliability and validity. 
In addition, many studies focus on intentions rather than actual wasted 
food. Findings from the literature in the six related domains indicate clearly 
that intentions are not a valid proxy for actual behavior.

Lack of Studies Addressing the Full Array of Drivers or Intervention 
Types by Applying a Systems Approach

Comparing the interventions studied against the drivers of food waste 
that have been identified in the literature reveals important gaps in the in-
terventions examined. One such gap is that while the majority of research 
on drivers has focused on behaviors that occur at home, the intervention 
research addresses largely behavior that occurs away from home, most 
likely because easier access to consumers in public spaces facilitates both 
implementation of interventions and evaluation. The committee also notes 
that interventions related to motivation have been researched more thor-
oughly relative to interventions related to opportunity and ability. While 
all 11 of the summative drivers discussed in Chapter 3 have been explored 
through tier 2 intervention studies, only two of them were components of 
interventions studied in tier 1 research (see Figure 4-4). 

A different approach to identifying gaps in the intervention literature 
is to consider the types of interventions that have been evaluated in the 
context of a well-known framework of systems change (Meadows, 1999, 
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2008). Most interventions studied (about two-thirds) focus on the element 
in that framework of building individual capacity, with the remainder 
divided among the categories considered more likely to promote more 
systematic change (design, information flows, rules and structures, and 
leadership). However, the committee notes that some of the higher-order 
systems change processes in this framework (such as those oriented toward 
shifting rules and structures and leadership) would be relatively unlikely to 
be addressed through formal interventions in general, and that if they were, 
it could be challenging if not impossible to evaluate the impacts on such 
processes using traditional evaluation approaches such as those reviewed 
in this chapter. 

FIGURE 4-4 Count of summative drivers targeted by study tier. 
NOTES: Many interventions map to multiple drivers. See Chapter 3 for the list of and descrip-
tions for each summative driver. The letters in the legend correspond to those assigned to the 
summative drivers in Chapter 3.

Tier 1

Tier 2 
(outside)
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Interventions can also be considered in the context of Mourad’s (2016) 
taxonomy of “strong” and “weak” prevention. “Weak” prevention is de-
picted as seeking to change individuals, processes, and technologies with-
out fundamental systemic change, and is generally geared toward efficient 
management of existing surplus across the supply chain and by consumers. 
By contrast, “strong” prevention interventions address root-cause factors, 
working to shift patterns of unsustainable production and consumption. 
Interventions targeting buffets provide one way to think about the distinc-
tion between weak and strong prevention, and highlight the importance of 
spaces and structures that facilitate waste. An all-you-can-eat buffet has 
a built-in structure for overconsumption. While most buffet interventions 
target consumer behavior within such facilities (e.g., reducing plate sizes), 
one type of strong intervention might be to redesign this model of dining.

Lack of Attention to Trade-offs and Implementation of Interventions

The empirical studies that met the committee’s inclusion criteria in-
cluded scarcely any consideration of implementation, feasibility, or cost-
effectiveness. That is, while efficacy was explored, the data collection did 
not encompass effectiveness. In addition, only some of the modeling studies 
reviewed, and some other studies and reports that did not meet the commit-
tee’s inclusion criteria, consider or address potential trade-offs, cobenefits, 
or spillover effects of interventions (e.g., licensing or rebound effects). For 
example, the relationship among food waste, portion sizes, and obesity 
needs to be explored because the objectives of reducing waste and eating 
smaller portions for health reasons may be at odds. Similarly, improper 
handling of food in leftover bags can compromise food safety. Other trade-
offs include effects on income inequality or other distributional effects (see 
below). Such information is critical for those selecting and adapting inter-
ventions for implementation, and remains a priority for future research. 

Lack of Attention to Distributional and Equity Considerations

The committee highlights the importance of both assessing the inequity 
in the impacts of food waste and also accounting for inequities when de-
signing food waste reduction interventions. When designing interventions, 
it is important to consider the affordability and feasibility of targeted 
behaviors across diverse income levels, household sizes, languages spoken, 
and other factors. It is also necessary to assess the effects of interventions 
on those not directly targeted, including food service staff (some interven-
tions create extra work, such as in washing dishes, which might need to be 
compensated) and recipients of donated food (the amount and quality of 
such food may change as businesses shift their practices). 
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Food waste prevention interventions need to be designed carefully so 
they do not exacerbate existing social inequities. For example, interventions 
promoting the purchase of goods that may be perceived as of lesser quality 
even if they are not (e.g., foods that are near their labeled expiration date, 
have damaged packaging, or are aesthetically unpleasing) can cause insult, 
particularly when these foods are promoted at lower prices or distributed 
in food assistance programs. On the positive side, interventions aimed at 
decreasing food waste could address inequities in opportunity and abil-
ity, such as by supporting the upgrading of the quality of refrigerators or 
providing more appealing food choices in school food or food assistance 
programs. 

Potential for Generalizability

Only about one-quarter of the intervention studies reviewed by the 
committee were conducted in the United States. Thus, the research base 
provides limited evidence useful for targeting interventions to specific U.S. 
contexts based on such factors as demographics, policy, infrastructure, and 
geography. As the body of evidence matures, it will be critical to increase 
the testing of interventions outside of the United States. As explained in this 
chapter, interventions may affect behavior differently in different contexts: 
for example, smaller plates may be experienced differently in the home, 
where norms of taking seconds may be more common, than in a restaurant. 
Additionally, some of the studied interventions focus on building motiva-
tion while relying implicitly on the existence of opportunity and ability. But 
as noted, opportunity and ability factors are not distributed equally across 
the population, for reasons including income, geography, and preexisting 
equipment. Thus it will be important to expand the research base to diverse 
contexts and scales to identify interventions with the greatest impact and 
fewest unintended consequences. 
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5

Strategy for Reducing Food 
Waste at the Consumer Level

The characteristics of the complex system through which food is 
produced, marketed, and sold, as well as the many other intercon-
nected influences on consumers’ conscious and unconscious choices 

about purchasing, preparing, consuming, storing, and discarding food, all 
contribute to significant wasting of food by consumers. The report thus 
far has identified some primary drivers of consumer behaviors that could 
be modified so that less food would be wasted, examined the evidence on 
interventions undertaken to date to modify those behaviors, and explored 
relevant lessons from six other related domains. Based on this broad explo-
ration, the committee in this chapter proposes a strategy for reducing food 
waste at the consumer level. We do not propose a measurable target for this 
reduction, but support the overall goal of reducing food loss and waste in 
the United States by 50 percent by 2030, which is consistent with Target 
12.3 of the United Nations’ Sustainable Development Goals.1

The committee’s proposed strategy targets opportunities to help save 
valuable food and reduce the profound negative environmental impacts of 
food waste. This study’s objectives took on greater urgency as we carried 
out our work because of the strains on individual and government budgets 
and the food supply system resulting from the COVID-19 pandemic. The 
dramatic shifts in food supply chain operations and changes in consumer 
behaviors associated with the pandemic may exacerbate many problems as-
sociated with food waste, and may also present new opportunities, but the 
strategy presented here is broad and adaptable to changing circumstances.

1 See https://sustainabledevelopment.un.org/sdg12.
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FOUNDATION FOR THE STRATEGY

The committee’s reasoning about how best to make use of the available 
evidence began with the motivation-opportunity-ability (MOA) framework, 
which addresses the importance of the interactions among those three ele-
ments in the process of behavior change. This framework provided a basis 
for considering how the research on drivers of consumer behavior and on 
interventions designed to modify that behavior can best be exploited to 
reduce food waste at the consumer level. The MOA framework helped us 
understand the multiple drivers identified by research and how they interact 
to result in food waste. It also provided a foundation for identifying catego-
ries of behavioral drivers that encompass a range of influences, including 
context, habit, and other automatic processes, and reflective processes. And 
the framework helped us integrate the broader lessons from the research 
on drivers of food waste with lessons from the research on interventions to 
modify food waste behavior. 

Evidence about Drivers of Food Waste 

Consumers’ conscious and unconscious decisions about food (that is, 
those based on either conscious or automatic cognitive processes; see Chap-
ter 1) are only the surface manifestations of a complex array of interacting 
factors, ranging from highly individual, intrapersonal influences through 
those that operate interpersonally and at the community and societal levels. 

At the societal level, decisions made at every stage of the food supply 
chain, including by large and small farms and businesses, shape consumer-
level waste. Decisions made by other industry players, such as food proces-
sers and dealers, retailers, governments, international organizations such as 
the World Trade Organization, and investors, affect markets, prices, and 
availability, and those decisions are influenced in turn by the marketing and 
sales strategies of the U.S. food service and retail industries and many other 
factors. Thus, the U.S. food supply system is embedded in a global system 
of social and economic cultures, structures, and policies that all affect many 
outcomes, including the ways in which consumers acquire, consume, store, 
and dispose of food. 

At the same time, individual consumers are influenced by the informa-
tion they receive about food from myriad sources and the degree of trust 
they place in those sources. Some may trust government sources, whereas 
others may look to social media and celebrity influencers. Consumers are 
also influenced by social and cultural practices and norms within their 
varying social networks, as well as their own personal values. Although 
the diversity of the consumer population makes it difficult to generalize 
about consumer behavior, researchers have identified many drivers that can 
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influence behaviors related to food acquisition, consumption, storage, and 
disposal that affect the amount of food wasted at and away from home. 
The existing literature has relatively little to say about how various drivers 
operate across groups or are affected by socioeconomic factors, but the 
committee found support for 11 summative drivers (or clusters of drivers) 
that offer promising targets for interventions to reduce food waste:

A. consumers’ knowledge, skills, and tools;
B. consumers’ capacity to assess risks associated with food waste; 
C. consumers’ goals with respect to food and nutrition; 
D. consumers’ recognition and monitoring of their food waste;
E. consumers’ psychological distance from food production and 

disposal;
F. heterogeneity of consumers’ food preferences and diets;
G. the convenience or inconvenience of reducing food waste as part 

of daily activities;
H. marketing practices and tactics that shape consumers’ food behaviors;
I. psychosocial and identity-related norms related to food consump-

tion and waste; 
J. factors in the built environment (including in household and retail 

environments) and the food supply chain; and
K. policies and regulations at all levels of government. 

All of these summative drivers have the capacity to influence at least 
one of the three elements of the MOA framework (motivation, opportunity, 
and ability). Many of them affect more than one, and a few affect all three 
(see Chapter 3). 

Evidence about Interventions to Reduce Food Waste

The evidence about interventions that may be effective in reducing food 
waste at the consumer level was too limited to support definitive conclu-
sions about the overall merit of any of the various types of interventions. 
Few of the available studies met the committee’s criteria with respect to 
strength of evidence, and virtually no study assessed how well intervention 
effects might be sustained across time. The committee therefore urges cau-
tion in generalizing from the small existing literature as to the effectiveness 
of particular intervention approaches. We also emphasize that the effec-
tiveness of any intervention using these approaches or others will depend 
on its being well designed, tailored to the context and with consideration 
of the three elements of the MOA framework, and well implemented (see 
Chapter 6). 
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Nevertheless, based on evidence from peer-reviewed analyses, the com-
mittee identified a list of interventions that are promising and merit further 
investigation (see Table 4-2 in Chapter 4; see Appendix D for more detail 
on the available studies). Given the limitations of the literature, this list does 
not reflect all of the approaches that merit further assessment. In particular, 
few studies have examined interventions based on a systems approach, that 
is, interventions that took into account potential trade-offs, cobenefits, un-
intended consequences or spillover effects (e.g., effects on income inequality 
or other distributional issues). Also not well represented among the existing 
peer-reviewed studies—but possibly very valuable—are interventions in-
volving technological developments (e.g., antimicrobial coatings, improved 
refrigerators).

More work will be needed to build on this research and integrate find-
ings from across disciplines and contexts. Although the research on driv-
ers and interventions does not point directly to interventions that can be 
implemented with confidence across contexts and populations, it does offer 
important lessons. That is, considering how a particular driver of behavior 
(e.g., consumers’ psychological distance from food and its sources) influ-
ences food waste (e.g., increasing motivation) and the cognitive processes 
it activates (e.g., reflective or automatic processing) offers clues about what 
other drivers may simultaneously be at work in a given setting, and there-
fore, where intervention efforts might best focus. To identify the relevant 
drivers for a specific setting or community, designers of interventions could 
conduct formative research in that community to explore such questions as 
whether the targeted behavior results from a reflective or automatic cogni-
tive process and which elements of the MOA framework are predominant. 
This level of analysis can support sound decisions about whether an inter-
vention will be most successful if it focuses on only one driver or if multiple 
drivers are addressed at once (see detailed examples in Chapter 3).  

Taken together, the research on drivers and interventions from both 
the food waste context and the six related domains highlights the follow-
ing general points that will be important guides for future efforts to design 
interventions for reducing food waste at the consumer level. It is important 
to stress that, as discussed in Chapter 6, intervention design is only the first 
step; careful attention to evaluation and implementation is also critical. 

The value of multifaceted interventions. Research from the six related do-
mains demonstrates that in general, multifaceted interventions—those that 
take advantage of more than one mechanism—may be more effective than 
a single intervention alone. Although the food waste–specific research is not 
yet substantial enough to support a firm conclusion on this point, evidence 
nonetheless points to the value of integrating multiple intervention types. 
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Contextual factors influence, and may override, other drivers. A variety of 
evidence highlights the important influence of contextual factors on behav-
iors in some of related domains. This observation has been demonstrated in 
the domains of water conservation and recycling. In the recycling domain, 
contextual factors, such as the availability of convenient recycling, a bin at 
home, or space to store items for recycling prior to pickup, have been found 
to be predictors of waste reduction and recycling behavior and possibly to 
override other drivers. These findings suggest that contextual factors that 
change opportunity at the food acquisition, consumption, storage, and 
disposal stages are similarly likely to affect food waste–related behaviors, 
independently of motivation or ability. 

The value of understanding cognitive processes involved in targeted be-
haviors. Two primary types of cognitive processing—conscious, reflective, 
and reason-driven processing and automatic processing—play important 
roles in consumer behavior. These types of processing interact and are best 
understood not as binary opposites but as anchors of a continuum ranging 
from reflective to semireflective to automatic. Thus, more than one form of 
processing may be involved in a particular behavior and shape responses 
to interventions. For example, once behaviors have become automatic, or 
habits (e.g., recycling), they are more easily sustained, and are less affected 
by such drivers as social norms and expectations. Thus, understanding the 
cognitive processing involved in a particular driver can support careful 
analysis of how a behavior can be modified and thereby guide the design 
of interventions.

A STRATEGY FOR REDUCING FOOD WASTE

A broad range of organizations and stakeholders, including farms, 
nonprofits, innovators (e.g., startups, app developers, incubator hubs), 
K–12 schools and postsecondary institutions, state and local government 
entities, and food industry associations and companies, are contributing 
to efforts to reduce food waste. (Selected efforts to tackle the problem at 
the national and local levels are described in Chapter 2 and Appendix C.) 
The Winning on Reducing Food Waste Initiative, a collaboration of the 
U.S. Department of Agriculture (USDA), the U.S. Environmental Protec-
tion Agency (EPA), and the U.S. Food and Drug Administration (FDA), 
was launched in 2018 to help achieve long-term reductions in food loss 
and wasted food in the United States by coordinating and leveraging 
government resources and encouraging nongovernmental efforts, includ-
ing research, community investments, education and outreach, volun-
tary programs, public–private partnerships, tool development, technical 
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assistance, participation in events, and policy discussion.2 The priorities 
for the initiative are shown in Box 5-1.

While all of these efforts are valuable, the need for action remains 
great. Accordingly, the committee sought ways of leveraging the existing 
knowledge base on how to influence consumer behavior and to build on 
the Winning on Reducing Food Waste Initiative. The research on consumer 
drivers and effective interventions is incomplete, but it nonetheless offers a 
basis for a variety of approaches to bringing about the widespread changes 
in consumer behavior needed to significantly reduce food waste, even as re-
searchers continue building the evidence base. Our strategy identifies three 
primary pathways for reducing food waste, as well as the responsibilities 
of the multiple partners who will be needed as part of a coordinated effort 
to pursue those pathways. 

Three Pathways to Reducing Food Waste

The following three pathways make up the committee’s strategy for 
reducing consumer food waste:

 
1. changing the U.S. food environment to discourage waste by 

consumers; 

2 The Winning on Reducing Food Waste Initiative encourages long-term reductions in food 
loss and wasted food in the United States through a variety of combined and agency-specific 
actions, including policy discussion, education, community investment, and public–private 
partnerships. Since its formation, the Winning on Reducing Food Waste Initiative has pub-
lished a strategic plan and announced partnerships with ReFED, a nonprofit organization, 
and the Food Waste Reduction Alliance, an industry-led group. See https://www.usda.gov/
foodlossandwaste/winning.

BOX 5-1 
Priorities for the Winning on Reducing Food Waste Initiative

• Enhance	interagency	coordination
• Increase	consumer	education	and	outreach	efforts
• Improve	coordination	and	guidance	on	food	loss	and	waste	measurement
• Clarify	and	communicate	 information	on	 food	safety,	 food	date	 labels,	 and	

food	donations
• Collaborate	with	private	 industry	 to	 reduce	 food	 loss	and	waste	across	 the	

supply	chain
• Encourage	 food	 waste	 reduction	 by	 federal	 agencies	 in	 their	 respective	

facilities

SOURCE:	https://www.usda.gov/foodlossandwaste/winning.
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2. strengthening consumers’ motivation, opportunity, and ability to 
reduce food waste; and 

3. leveraging and applying research findings and technology to sup-
port consumers in food waste reduction.

Pathway 1: Change the U.S. Food Environment to Discourage Waste by 
Consumers

Implement change and innovation in the food industry.
Marketing practices and tactics intended to promote the acquisition of 

food that is unlikely to be consumed are an important driver of food waste. 
Product branding and the practices of retailers and away-from-home food 
providers influence consumer choice by creating motivation to overacquire 
or to buy aspirational (i.e., healthy) or novelty products (which may not 
match preferences) without increasing consumers’ ability or motivation to 
consume those products before they decay. Price promotions and special 
offers, such as multiple-unit pricing, along with packaging, signage, and dis-
plays, and other cues to consumers to seek variety or shop in an exploratory 
manner, all influence their choices. Such marketing tactics operate at both 
conscious (e.g., buy-one, get-one-free deals) and nonconscious (e.g., signage 
that gives consumers the impression that price has been reduced) levels. 
Other tactics operate at both levels (e.g., larger carts and larger servings). 

At the time of this writing, it remained unclear what long-term impact 
the COVID-19 pandemic would have on food provisioning, but the fol-
lowing trends were observed prior to the pandemic. ReFED estimates that 
approximately 11 million tons of food are wasted annually at the pre- and 
postconsumer levels in U.S. restaurants, and another 5 million tons in other 
food service settings,3 the majority occurring postconsumer (ReFED, 2018). 
Food eaten away from home is especially likely to be wasted for several 
reasons. First, hedonic factors play a greater role in consumers’ away-from-
home choices than in their choices about food at home. Moreover, eating 
in public settings also activates “performative” consumption. Buffet dining 
poses a particular risk for waste, where abundance and variety prompt 
many consumers to take more food than they are likely to consume. 

Although the marketing practices of the food industry prompt over-
acquisition and waste among consumers, some food businesses have also 
designed interventions to reduce their preconsumer waste (e.g., regular 
donations of surplus food to food banks, dining halls that do not provide 

3 See https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=2&ved=2ah
UKEwiRz_O7sM_nAhVUmXIEHSEaCm4QFjABegQIChAB&url=https%3A%2F%2Fwww.
refed.com%2Fdownloads%2FRestaurant_Guide_Web.pdf&usg=AOvVaw03jMTkZCRY6yx
SxeGS1m75. 
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food trays or encourage sampling and use small plates). Still, although the 
case for reducing waste in a company’s business operations (e.g., precon-
sumer waste) may be perceived as obvious, business owners do not always 
recognize the benefits to them of encouraging consumers to waste less food 
(Messner et al., 2020). For example, a World Resources Institute analysis 
found that 99 percent of 1,200 food manufacturing, food retail, hospital-
ity, and food service sites earned a positive return when they invested in 
approaches to reduce food waste in their operations, but that many leaders 
in the private sector are not aware of this benefit. Industry leaders also may 
not be aware of other benefits of reducing food waste, such as improving 
food security, environmental sustainability, and stakeholder relationships, 
and the satisfaction of taking ethical responsibility (Hanson and Mitch-
ell, 2017). Efforts such as a guide produced by the World Wildlife Fund 
(WWF)4 have helped encourage participation in food waste reduction pro-
grams in the hospitality sector. An example of another relevant initiative is 
guidance, developed in the United Kingdom, for retailers on how to create 
food promotions that will not contribute to increased food waste.5

Overall, there is a need to reconcile the tension between the industry’s 
goal of selling food and its role in reducing food waste, not only in its own 
operations but also at the consumer level. More research is needed to in-
vestigate effective interventions at the food industry level and the potential 
for maintaining profits while increasing food waste reduction efforts and 
improving consumer loyalty. Food industry trade associations and nonprofit 
organizations are uniquely positioned to address the needs of the industry 
and to ensure that industry leaders are informed both of best practices for 
reducing food waste and of the business and social benefits of implementing 
those practices not only in their operations but also at the consumer level. 

RECOMMENDATION 1: Food trade associations and their joint al-
liances (e.g., the Food Waste Reduction Alliance, the National Restau-
rant Association, FMI-The Food Industry Association, the Consumers 
Brand Association, and smaller food trade associations) and nonprofit 
organizations should expand their efforts to reduce food waste by 
convening an ongoing public–private–academic forum with the goal of 
coordinating industry efforts. Specifically, this forum should
 
•	 assist association members in pursuing evidence-based best prac-

tices and interventions to reduce food waste at the consumer level, 

4 See https://www.worldwildlife.org/publications/hotel-kitchen-fighting-food-waste-in-hotels.
5 See https://www.wrap.org.uk/sites/files/wrap/Food%20Promotions-%20Guidance%20for%20 

Retailers.pdf.
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providing regularly updated written guidance and consultation 
services;

•	 encourage association members to evaluate their food waste re-
duction efforts and publish their findings, and provide tools and 
assistance for these purposes;

•	 develop materials to inform members about the impacts of food 
waste and to characterize the business case, in terms of costs and 
benefits, of food waste reduction practices;

•	 support and participate in relevant research;
•	 create communities of practice in which members can share innova-

tions and lessons learned; and
•	 work with third-party certifying organizations to include practices 

that reduce food waste at the consumer level as criteria in their 
environmental standards, and to encourage members to meet those 
standards.

RECOMMENDATION 2: With guidance from their food trade as-
sociations, manufacturers, retailers, and food service venues should

•	 develop promotions and other in-store cues that prioritize ac-
quisition of the optimal amount and variety (including frozen, 
shelf-stable, and perishable) of products rather than prompting 
overacquisition; and 

•	 implement and evaluate evidence-based strategies that help reduce 
consumer food waste by combining elements—including presenta-
tion of food (amount and variety) to reduce overacquisition and 
communications targeting consumers—that increase consumers’ 
motivation, opportunity, and ability to alter wasteful behaviors. 

Examples of the actions that manufacturers, retailers, and marketers 
can take to pursue these goals are shown in Box 5-2. 

Include food waste reduction in industry certification.
Third-party organizations, governments, and some businesses have 

developed multiple voluntary environmental certification programs. These 
programs establish incentives for organizations to achieve such goals as 
ensuring environmental stewardship in food production and provisioning 
activities, the safety of products, or other socially beneficial goals (e.g., 
worker protection). Some programs accord with guidelines established 
by the International Organization for Standardization (ISO), while oth-
ers set their own criteria. Organizations that meet such goals and achieve 
standards are more competitive and attractive to both consumers and busi-
ness partners, such as purchasers of institutional food, particularly those 
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BOX 5-2 
Actions that Manufacturers, Retailers, and Food 
Service Venues Can Take to Reduce Food Waste

•	 Emphasize	food’s	origins,	the	natural	resources	and	labor	needed	to	produce	
and	distribute	it,	and	its	path	and	history	in	product	narratives	and	signage	to	
promote	a	culture	of	food	valuation	and	reduce	“distancing	effects”	as	a	driver.

•	 Display	in-store	labeling	related	to	the	benefits	of	frozen	foods.
•	 Combine	perishable	with	nonperishable	or	well-preserved	goods	in	bundles	

(e.g.,	buy	one	fresh,	get	one	frozen).
•	 Promote	such	tools	as	usage	guides	and	recipes,	including	practical	tools	and	

ingredients	that	are	easily	obtained	at	the	point	of	purchase,	to	improve	food	
literacy.

•	 Pair	storage	tools	and	containers	with	appropriate	food	quantity	promotions.
•	 Design	and	curate	assortments	that	reduce	choice	overload.
•	 Provide	 in-store	 nonconscious	 cues	 that	 promote	 acquisition	 of	 foods	with	

long	 shelf	 lives	 as	 opposed	 to	 rapidly	 perishable	 goods	 (e.g.,	 segmented	
grocery	carts	with	dedicated	sections	for	frozen	and	fresh	products).

•	 Offset	high-quantity	anchors	(e.g.,	“buy	one,	get	a	second	one	free”)	for	per-
ishable	 foods	with	other	acquisition	anchors	at	 the	point	of	purchase	 (e.g.,	
“get	the	most	out	of	food,”	“average	number	eaten	in	a	week,”	“all	the	things	
you	can	do	with	one”).

•	 Make	smaller	baskets	and	carts	available	to	reduce	overacquisition.
•	 Pair	consumer	affirmation	and	food	quality	messages	(e.g.,	“one	of	a	kind,”	

“buy	uncommon”)	with	“ugly	 food”	displays	 to	counteract	 the	 inference	that	
“beautiful	is	good.”

•	 Reformat	 retail	 stores	 to	 prevent	 overacquisition	 and	 longer	 stays	 by	
consumers.

•	 Offer	smaller	plates,	plates	with	guides	to	portioning,	and	serveware	with	a	
less	disposable	appearance	(e.g.	plastic	instead	of	paper).

•	 Implement	trayless	dining	in	cafeterias.
•	 Redesign	menus,	such	as	by	reducing	the	number	of	varieties	offered,	which	

can	reduce	both	pre-	and	postconsumer	waste.	
•	 Include	message	 frames,	such	as	 those	based	on	norms	and	social	desir-

ability,	 that	build	motivation,	supported	by	other	 interventions	providing	op-
portunity	and	ability.

•	 In	institutional	food	settings	where	consumers	typically	have	few	food	options	
and	 food	 is	often	discarded,	such	as	hospitals	and	schools,	offer	as	much	
choice	as	possible	to	reduce	discards	due	to	foods	being	unwanted.	

•	 Redesign	all-you-can-eat	buffets	 to	 include	messages	 that	encourage	cus-
tomers	to	take	only	food	they	will	definitely	eat,	or	to	sample	and	return	to	the	
buffet	if	they	desire	more	food.

•	 Encourage	 customers	 to	 bring	 their	 own	 containers	 or	 offer	 containers	 for	
taking	leftovers	home.	

•	 Use	food	package	labeling	and	messaging	to	encourage	consumers	to	store	
and	preserve	food	(e.g.,	by	freezing).
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that make value-based decisions. Examples of such programs include ISO 
14001, the Good Food Purchasing Program, the EPA’s 55/30 program, the 
American Chemistry Council’s Responsible Care Program, and the Certified 
Green Restaurant standard. 

The effectiveness of such standards in achieving their goals has been 
demonstrated, specifically for those standards that include environmental 
performance, such as ISO 14001 (Boiral et al., 2018). In the realm of food 
waste, one study tested business social responsibility certification and found 
that participants would be willing to pay more for products with labels 
guaranteeing reduced food waste across all firm activities (Del Giudice et 
al., 2016). However, ISO 14001 and other similar programs do not include 
in their criteria for certification activities that may decrease the waste cre-
ated by the companies’ consumers. 

Certification programs related to environmental performance, such as 
ISO 14001, are effective tools for encouraging companies to change their 
behavior, resulting in substantial improvements in environmental steward-
ship and, in particular, waste reduction. Meeting standards related to in-
dustry activities to reduce consumer food waste could improve consumers’ 
views of their operations and increase industry competitiveness. However, 
the criteria for qualifying for such certifications generally do not include 
practices that will reduce waste created by the companies’ consumers. 

RECOMMENDATION 3: The International Organization for Stan-
dardization, the Green Restaurant Association, the U.S. Green Building 
Council, and other organizations in charge of developing environmen-
tal standards for businesses should include practices that reduce food 
waste at the consumer level as criteria in those standards, and encour-
age food businesses to modify their practices to meet those criteria. 

Develop and harmonize sensible date labeling.
Most packaged foods in the United States carry a date label represent-

ing the manufacturer’s best guess as to how long the product will be at its 
peak quality (Broad Lieb et al., 2016). Most products are still perfectly 
edible for days, months, or even years past the date on the label. However, 
studies have shown that consumers mistakenly believe that the date on the 
label is an indicator of safety. In addition, many states require the display 
of dates on all food, including that with an indefinite shelf life, regardless 
of the safety risk. As a result, food manufacturers serving multiple states 
include label dates on all products (Broad Lieb, 2013). To add to the confu-
sion, the language of date labels has not been standardized, so the mean-
ing of phrases used on the labels by the food industry, such as “use by,” 
“freshest by,” and “best by,” is unclear to consumers. Although food trade 
associations have begun to align date labeling to address this confusion, and 
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other efforts have also brought changes that have helped address the prob-
lem, usage is still voluntary and not yet standardized. Moreover, because 
consumers tend to avoid food they understand to be close to expiration, 
retailers may remove such food from shelves even before the stamped date.

The lack of harmonization of date labels and resulting misinterpreta-
tion by consumers likely result in the wasting of edible food. There is a need 
to apply common, clear language and definitions to the labels on packaged 
foods sold in the United States, accompanied by relevant information and 
educational materials. In addition, some nonperishable foods may not 
need date labels at all. However, only preemptive action at the federal level 
could override state laws and allow firms the latitude to remove date labels 
from some nonperishable food packages without fear of violating labeling 
regulations.

RECOMMENDATION 4: Food industry trade associations, consumer 
organizations, and other nonprofit organizations should coordinate 
and advocate for the passage of federal legislation to harmonize the 
language and standards for use of date labels for packaged food sold 
in the United States. They should also coordinate efforts to educate the 
public about the information provided on date labels and how they can 
use that information to ensure that they neither consume unsafe food 
nor waste safe food. 

Implement state and local policies encouraging behaviors that prevent 
food waste.

Policies at the state and local levels have a powerful influence on food 
waste, and state and local agencies have initiated a number of creative and 
effective programs aimed at food waste prevention (Benson et al., 2018). 
Traditionally, for example, consumers have paid for trash disposal and 
recycling in municipalities through a fixed fee, either separately or together 
with other service fees or through property taxes. A meta-analysis of 25 
studies (1970–2013) shows that when households in the United States and 
other developed countries face unit-based pricing,6 the amount of waste 
disposed of declines (Bel and Gradus, 2016). Furthermore, unit-based waste 
pricing is most effective when programs charge a separate fee based on the 
amount of compostable waste disposed of or when pricing is based on the 
weight (versus volume) of discarded items, which suggests the potential 
impact of this approach on reducing food waste at the household level. 
About one-fourth of communities in the United States had implemented 

6 Unit-based pricing, also known as pay-as-you-throw or variable-rate pricing, is a system 
of waste management whereby residents pay for the removal of municipal solid waste per unit 
of waste collected rather than through a fixed fee or property taxes. 
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unit-based pricing policies as of 2006 (EPA, 2016), implying that there may 
be considerable scope for expanding coverage of this practice. 

Another policy approach is to ban the disposal of organic materials in 
landfills, an approach introduced in six states and seven municipalities as of 
2019 (Sandson and Broad Leib, 2019). However, the committee could find 
no peer-reviewed evaluations of the effectiveness of these bans in the United 
States or peer-reviewed assessments of their impacts on other segments of 
the food system and society (e.g., stress on food donation centers, compost-
ing facilities, retailers, and local budgets; regressive consumer cost impacts). 

Waste management policies such as those that ask residents to pay for 
the removal of municipal solid waste per unit of waste may be effective in 
reducing household food waste, although it is important to consider how 
such policies relate to other aspects of the food system and society (Benson 
et al., 2018). Both state and local governments can make waste prevention 
an integral component of their waste management structures. For example, 
the Oregon Department of Environmental Quality has made reducing the 
waste of edible food an objective, with targets of 15 percent reduction by 
2025 and 40 percent by 2050.

RECOMMENDATION 5: State and local governments should institute 
policies that reduce the discarding of wasted food. Such policies include 
(but are not limited to) fees for the removal of municipal solid waste 
per unit of waste and mandatory organic recycling practices, such as 
composting. These policies should be integrated with related policies 
(e.g., on recycling, food recovery), such as those to reduce environmen-
tal impact or promote equity-related outcomes.

RECOMMENDATION 6: The Environmental Protection Agency and 
nongovernmental entities, such as foundations, should support local 
jurisdictions and states in developing and instituting policies that dis-
courage the discarding of edible food. Actions to this end include pro-
viding research, tools, and information and investing in partnerships 
and forums (e.g., social innovation labs) that bring key stakeholders 
together to develop feasible interventions that are acceptable to the 
affected communities. 

Pathway 2: Strengthen Consumers’ Motivation, Opportunity, and Ability 
to Reduce Food Waste

The committee recommends three strategies for increasing consumers’ 
motivation, opportunity, and ability to reduce food waste: (1) conducting 
a national behavior change campaign; (2) taking advantage of the influ-
ence of popular food experts (e.g., chefs on cooking shows, food blogs) 
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on consumers’ attitudes and preferences; and (3) including instruction and 
experiential learning about food literacy in K–12 and postsecondary educa-
tion curricula. 

Conduct a national behavior change campaign.
An important element of a national behavior change campaign would 

be to increase consumers’ motivation to reduce food waste by providing 
relevant information about the importance of the problem, appeals that 
align with their intrinsic motivations to reduce waste, information about 
the financial benefits to them of reducing waste, and ways to enhance their 
skills at reducing their own waste at and away from home. To go beyond 
the objectives of past information campaigns, a behavior change campaign 
should also address nonconscious factors that affect the propensity to waste 
food, and be designed so as to have maximum behavioral impact. In addi-
tion, the campaign should aim to encourage stakeholders to change relevant 
political and economic contexts in order to give consumers opportunities 
to take action once they have been primed to do so (Thomson and Ravia, 
2011). Finally, the campaign should be aimed at influencers who can help 
support change in social norms and pave the way for consumers’ behavior 
change (see below). 

Surveys have revealed that the majority of American consumers have 
not seen information about food waste, are not aware that it contributes 
to greenhouse gas emissions and environmental degradation, and under-
estimate both the amount of food they waste and the financial cost of 
that waste to themselves. As discussed above, consumers also hold many 
misconceptions about food safety and the meaning of date labels, which 
are ambiguous and can be misleading, resulting in food waste. However, 
campaigns focused only on raising awareness may not change actual be-
havior (Elimelech et al., 2019; Giordano et al., 2019; Grainger et al., 2018; 
Thomson and Ravia, 2011).

Past information campaigns (e.g., Food: Too Good to Waste, Save The 
Food) have addressed the problem (see Appendix D) at the national level. 
For example, WWF organized a national campaign aimed at hotels that 
addresses consumer food waste. The strategy recommended in this report 
would build on such prior efforts and should address three main barriers 
to behavior change. 

First, because of the diversity of the consumer population, campaigns 
targeted at specific audiences are most likely to be effective. For example, 
consumers already motivated to care about the environment may be espe-
cially responsive to a campaign about the environmental costs of wasting 
food. Other consumers might be driven by the significant monetary savings 
from reducing food waste, which could range up to $1,800 annually for the 
average family. Messages should be developed and targeted based on local 
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and population segment–related sensitivities. Positive messaging has been 
shown to be more effective than negative messaging in effecting behavior 
change.

Second, because of the strong role played by habit and nonconscious 
behaviors in driving food waste (and other environmentally damaging 
behaviors, as discussed in Chapters 3 and 4), the mere acquisition of new 
information may not change behavior. Indeed, in many cases, the issue is 
not that consumers are or are not motivated to change their behavior, but 
that the force of habit and consistent habit-related cues make food waste 
behavior automatic. To address this barrier to change, campaigns should be 
designed to take advantage of “teachable moments,” reaching consumers 
when routines or environments may be in flux. In such cases, old habits are 
more easily disrupted and new habits formed. For example, individuals who 
have recently changed homes, purchased new appliances, or entered new 
life phases or who are shopping for the first time in a new retail location 
may be particularly apt to override past automatic tendencies and develop 
new patterns. The changes due to COVID-19 represent a prime example of 
a situation among consumers in which the moment is right to reach out to 
them about the impacts of food waste and how they can alter their food-
related habits to reduce it. 

Third, the committee’s review showed that many factors unrelated to 
objective information help shape behavior. Examples include social norms, 
perceived psychological distance from food, and identity. Thus in addition 
to providing compelling information about the effects of food waste, be-
havior change campaigns should leverage social science findings related to 
these drivers of the problem.

Still, a successful behavior change campaign cannot succeed if consum-
ers lack the opportunity or ability to act on the messages provided. Thus, as 
discussed above, a goal of such a campaign should be to support consumers 
in modifying their behavior and promote some of the easy ways in which 
wasting food can be avoided both in and outside of the home, as well as en-
courage stakeholders to change important political and economic contexts 
to support consumers’ opportunities to take action. To develop sustained 
behaviors, mechanisms targeting opportunity and ability would ideally also 
provide feedback and rewards related to the desired behavior changes. 

While the federal agencies involved in the Winning on Reducing Food 
Waste Initiative are in the best position to coordinate a far-reaching cam-
paign that takes advantage of these insights about behavior change, such a 
campaign will be most effective if it is a collective effort involving state and 
local governments as well as nongovernmental entities and settings (e.g., 
schools or workplaces) that can adapt the campaign to local and regional 
circumstances using culturally appropriate mechanisms and language. In 
addition, the campaign should benefit from platforms and lessons learned 
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from prior efforts, such as the consumer surveys and consumer segmenta-
tion research from the Natural Resources Defense Council’s Save the Food 
campaign.

RECOMMENDATION 7: As part of the federal Winning on Reduc-
ing Food Waste Initiative, the U.S. Department of Agriculture, the U.S. 
Environmental Protection Agency, and the U.S. Food and Drug Ad-
ministration should lead the development of a centralized platform for 
a behavior change campaign. This campaign should be designed both 
to inform the public about the environmental, economic, and social 
benefits of reducing food waste and tools and strategies for reducing 
their own waste, and to address nonconscious drivers of food waste, as 
well as consumers’ ability and opportunity to change wasteful behav-
ior. This platform should be designed to stimulate, guide, and support 
current efforts at the state and local levels and those led by nongovern-
mental entities. The platform should incorporate the following elements

•	 provide resources and easy, everyday tips for reducing food waste; 
•	 make use of a variety of traditional (e.g., books, website, apps) and 

new (e.g., short media content bursts, short sound bites, multime-
dia, gamification, refrigerator magnets) tools and tactics;

•	 use positive messaging;
•	 provide multiple cues at the food acquisition, consumption, and 

disposal stages;
•	 focus on reaching consumers during “teachable moments”; 
•	 use social science research, particularly as related to norms and 

consumers’ psychological distance from food and food production;
•	 deliver short, intense, and frequent action ideas and nudges; 
•	 include components and mechanisms that are culturally relevant to 

various settings and populations, such as food service employees, 
retail food establishments, students, workplaces, grocery shoppers, 
and general consumers; 

•	 include provisions for rigorous evaluation of effectiveness and re-
ward for behavior change;

•	 urge stakeholders to alter social and economic contexts to provide 
opportunities for behavior change; and

•	 spur influencers to help alter norms and amplify messages. 

Spread and amplify messages about food waste through influencers
Influencers within the food domain include chefs, social media person-

alities, recipe providers, and food and culture journalists. They can drive 
consumer choices by helping to establish and reinforce social norms; pro-
viding information on broad topics related to food and the environmental 
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impacts of its production; and offering guidance for the acquisition, cook-
ing, storage, and consumption of food through recipes and through the 
behaviors and attitudes they model. This guidance could reinforce behav-
iors and values that have the potential to reduce food waste. In addition, 
influencers could help spread accurate, evidence-based information about 
the social, environmental, and economic benefits of reducing food waste. 

Consumers are also influenced by interactions with dietitians; state 
extension specialists; community health champions; and other health, food, 
and nutrition professionals. Thus, professional and community organiza-
tions through which these experts exchange knowledge are ideal venues 
for augmenting evidence-based information about specific aspects of food 
literacy, such as food safety and quality, how to understand food labels, 
and practical food preparation and storage skills that can optimize the 
utilization of food. 

RECOMMENDATION 8: Professional (e.g., the Culinary Institute of 
America, the Institute of Food Technologists, the Academy of Nutrition 
and Dietetics) and community organizations should work with their 
memberships and with influencers, such as dietitians, state extension 
specialists, recipe providers, cooking show hosts, chefs, and social 
media personalities, to promote the use of their platforms to advance 
consistent food literacy information, provide evidence-based guidance 
about optimizing the consumption of food and minimizing waste, and 
help shift social norms by providing information about the positive ef-
fects of supporting consumers in reducing waste. 

To leverage this source of influence, experts and influencing organiza-
tions, including foundations, chefs, dietitians, professional organizations, 
and environmental nonprofits, could collaborate in updating the informa-
tion they offer to consumers with evidence-based guidance on food waste 
and relevant information related to food literacy, food safety, and nutrition; 
promoting consistency in messaging; and targeting messages appropriately 
for the populations they reach. Influencers are in position to

• shift social norms related to edibility, abundance, freshness, and 
seasonality; 

• incorporate easy solutions into existing guidance (e.g., recipes, food 
and lifestyle blogs, cooking shows) related to optimizing acquisi-
tion, storage, and consumption that will result in less wasted food 
(e.g., tools integrated into recipes that allow users to easily alter 
the number of portions; suggestions for repurposing leftovers or 
unused food items);
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• when writing recipes, consider how the ingredients are packaged 
and sold to avoid waste, or provide suggestions for alternative 
ingredients or uses of the leftovers;

• incorporate messages and guidance about the benefits of avoiding 
waste into their exiting guidance; and

• help influence other stakeholders to provide more opportunities for 
consumers to take action.

Include instruction and experiential learning about food literacy in educa-
tion curricula 

Schools and academic institutions (preschool/K–12, trade schools, uni-
versities and colleges) are a substantial source of food waste (e.g., Schupp 
et al., 2018). They are in a position to impart and support foundational 
skills and knowledge pertaining to food provisioning practices and habits, 
and to foster social norms and food literacy to support positive decisions 
about food (Koch, 2016). Further, these institutions interact with students 
at teachable points (e.g., when they move to a new geographic area), which 
could provide opportunities for the development of waste-avoiding habits. 
Lessons learned in the cafeteria can encourage students to become better 
environmental stewards in the future (Devine and Pearson, 2019). K–12 
and postsecondary institutions can make a lasting contribution and can 
influence students’ food literacy and motivation to reduce food waste by 

•	 including programming related to the effects, prevention, and man-
agement of food waste, as well as how to prevent it, in the cur-
ricula for math, science, social studies, language, arts, family/food/
consumer sciences, financial literacy, economics, vocational classes, 
and others;

•	 altering their own practices to prevent food waste in their opera-
tions and assist their students and staff in preventing food from 
being discarded;

•	 providing other educational resources, including relevant spaces 
such as teaching kitchens, food gardens, campus orchards, and 
campus farmers’ markets, for experiential learning related to sound 
food practices and for meetings with food producers; and

•	 providing incentives (e.g., credits, certificates, awards, intern-
ships) for student-led innovations in food waste reduction (e.g., 
through university hackathons, design jams, business-pitching 
competitions). 

Schools, colleges, and universities are already doing many of these 
things, and many are collaborating with other stakeholders in the food 
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supply chain (food service entities, culinary schools) to develop curricu-
lum and educational opportunities, as well as policies and interventions, 
aimed at reducing food waste in their institutions. In other cases, however, 
institutions may have the impetus but lack the resources to devote to such 
programs. Leadership at the national level could help diffuse best practices 
and innovative ideas, support their adaptation to new circumstances, pro-
vide resources, and avoid reinvention of good ideas. 

Existing collaborations provide a valuable foundation on which to build. 
One example is the Menus of Change: University Research Collaborative,7 
which among its activities is conducting studies of food waste in university 
cafeterias. Some groups are providing guidance for specific curriculum ac-
tivities, such as food waste audits, measurement of environmental impact, 
food budgeting, analysis of recipe books, food safety training, and cooking 
(e.g., the WWF Food Waste Warrior toolkit,8 the Commission for Environ-
mental Cooperation’s Food Matters Action Kit,9 and the Johns Hopkins 
FoodSpan10). Others are providing guidance for school administrators 
and teachers on strategies for reducing food waste by both the institutions 
and by the students (e.g., NRDC,11 USDA’s Food and Nutrition Service12). 
These ideas could be incorporated into USDA’s Farm to School program 
as well. There is a need for rigorous evaluation to explore which interven-
tions are most effective, and in which settings, and to communicate findings 
widely to reduce unnecessary duplication of effort.

RECOMMENDATION 9: Nongovernment organizations (e.g., the 
World Wildlife Fund) should engage with other appropriate entities 
(e.g., state departments of education, U.S. Department of Agriculture’s 
Food and Nutrition Service, foundations) in concerted, coordinated ef-
forts to provide K–12, postsecondary, and secondary institutions with 
appropriate tools and resources and promote their use in instruction 
and hands-on learning about the social, environmental, and economic 
impacts of food waste and ways to reduce it. 

 7 The Menus of Change: University Research Collaborative is a collaboration of forward-
thinking scholars, food service leaders, executive chefs, and administrators for colleges and 
universities who are accelerating efforts to move people toward healthier, more sustainable, 
and delicious foods using evidence-based research, education, and innovation. See https://
www.moccollaborative.org/about.

 8 See https://www.worldwildlife.org/teaching-resources/toolkits/food-waste-warrior-toolkit.
 9 See http://www3.cec.org/flwy.
10 See http://www.foodspanlearning.org.
11 See https://www.nrdc.org/sites/default/files/k-12-food-waste-best-practices-ib.pdf.
12 See https://www.fns.usda.gov/tn/what-you-can-do-help-prevent-wasted-food.

http://www.nap.edu/25876


A National Strategy to Reduce Food Waste at the Consumer Level

Copyright National Academy of Sciences. All rights reserved.

146 NATIONAL STRATEGY TO REDUCE FOOD WASTE

Pathway 3: Leverage and Apply Research Findings and Technology to Sup-
port Consumers in Food Waste Reduction 

Support research and technology
Many technological developments, such as packaging and processing 

to extend shelf life, refrigeration approaches, and food preservation tech-
nology, can play a role in reducing food waste. Important drivers of food 
waste at the consumer level, such as unpredictable and busy lifestyles; lack 
of time, energy, and the cognitive demands of everyday life; and consum-
ers’ limited ability to assess food safety, can be addressed by technology. 
Progress in this sphere is rapidly developing, and promising recent develop-
ments include

•	 improvements in the built environment, such as sophisticated tem-
perature controls in refrigerators that preserve perishable foods 
longer and provide consumers with information about the fresh-
ness and safety of their food;

•	 technologies supporting behavior that limits waste in the acquisition, 
preparation, and storage of food (e.g., online food acquisitions,13 
apps, online gamification tools,14 smart grocery carts15); 

•	 technology advances in food products and packaging, including 
food coatings, food product development, preservatives developed 
for consumer acceptability and safety, and packaging that meets 
consumer and environmental goals for reduced packaging while 
preserving food longer; 

•	 smart bins that measure wasted food and help with managing food 
scraps (inedible parts); and

•	 apps and other devices to help consumers with awareness, plan-
ning, and other behaviors related to food.

Technology may help support consumers in overcoming some of the 
conscious and unconscious drivers that lead to food waste, particularly 
those related to lack of knowledge, the complexity of everyday life, and the 
ability to assess food safety. Food and food storage manufacturers, food 
retailers, food service providers, and innovators can contribute significantly 
to reductions in food waste by continuing to improve existing technologies 
and creating new ones to help consumers with reducing food waste. At the 
same time, there are many unknowns regarding the effects of deploying 

13 See Chapter 2 for a discussion of the possibilities that online shopping offers for reducing 
food waste.

14 See https://www.mdpi.com/2071-1050/12/3/907.
15 See https://www.cnn.com/2019/12/23/tech/smart-shopping-cart/index.html.
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technologies, including how easily consumers may accept them; their fea-
sibility; their costs and benefits; their effects on reducing food waste; and 
their unintended effects, including those related to equity. Academic re-
searchers can contribute by conducting studies that go beyond effective-
ness to consider such issues as acceptability to consumers and unintended 
effects, including those related to equity.

Beyond technology, researchers from a number of disciplines are study-
ing other aspects of the challenge of reducing food waste at the consumer 
level, and they have already provided the foundation for meeting this 
urgent challenge. However, the ongoing success of the strategy laid out 
in this report will depend on ongoing work to address significant gaps in 
the knowledge base (see details in Chapter 6). Dedicated investments are 
needed to support this research. 

RECOMMENDATION 10: Government agencies at all levels and rel-
evant foundations concerned with the problem of food waste should 
support the proposed food waste reduction strategy by investing in

•	 research to develop methods for measuring food waste at the con-
sumer level, including the collection of data on food waste, both 
aggregated and by type of food and reasons for wasting food in the 
United States, as part of an overall effort to measure food waste at 
the national level;

•	 research and pilot studies that are adequately designed to evaluate 
interventions for reducing consumer-level food waste and both the 
intended and unintended outcomes of those interventions and are 
integrated with implementation plans;

•	 training in intervention evaluation and implementation planning 
for appropriate staff of community-based organizations and gradu-
ate students through, for example, an evaluation institute; and 

•	 dissemination of information about the efficacy and effectiveness 
of interventions, including detailed descriptions of the intervention 
design and implementation. 

Coordination and Partnership

The overarching goal of the committee’s proposed strategy is to create 
and sustain a broad societal commitment to reducing food waste. Achiev-
ing this goal will require the participation of government entities at the 
federal, state, and local levels as well as the food industry and retailers; 
influencers and the media; nongovernmental organizations; and those who 
provide food through a number of different channels, such as cafeterias in 
schools and universities. Leadership and financial support from the federal 
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level will be necessary to stimulate and coordinate the efforts of multiple 
stakeholders. It is only through a multistakeholder commitment that the 
United States can make the transition from a society in which attitudes and 
habits facilitate the wasting of food to one in which attitudes and habits are 
consistent with appreciating the value of food and its utilization.

Federal agencies (USDA, EPA, and FDA) have the capacity to engage 
multiple stakeholders, including state and local governments, the food 
industry and its representative trade associations, the community of 
nongovernmental organizations, and private foundations in a comprehensive 
initiative to reduce food waste. The improved coordination and cross-
sectoral discussions fostered by this new initiative, if conducted in an 
inclusive and equitable manner, could have multiplier effects and advance 
solutions and innovations rapidly and for all populations. Partnerships 
focused on reducing food waste, such as the Pacific Coast Collaborative, 
which includes the West Coast of the United States and Canada and industry 
and local government partners, provide examples on which to build.

RECOMMENDATION 11: The U.S. Department of Agriculture, the 
U.S. Environmental Protection Agency, and the U.S. Food and Drug 
Administration should expand the Winning on Reducing Food Waste 
Initiative by coordinating with key stakeholders at multiple levels and 
across societal sectors, including state and local governments, nonprofit 
organizations, foundations, industry leaders, food producers, and oth-
ers, in efforts to reduce food waste at the consumer level. The federally 
sponsored initiative should

•	 be the locus of practical information for the consumer and guid-
ance on the evaluation and implementation of interventions, to be 
disseminated by initiative partners; 

•	 support the development and management of a public clearing-
house for sharing information on current research and evaluation 
data and on funding opportunities relevant to researchers, funders, 
policy makers, social marketers, and other stakeholders; 

•	 support research-based interventions that take into account con-
sumers’ motivation, opportunity, and ability to reduce food waste 
and apply lessons from behavioral change disciplines; and

•	 work with others in resolving technical challenges, including by 
developing and publishing standard terminology for research and 
practice related to food waste. 

Table 5-1 provides an overview of the contributions that the essential 
partners would make to the committee’s proposed coordinated food waste 
reduction strategy.
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TABLE 5-1 Potential Contributions of Partners in the Committee’s 
Strategy 

Partner Example Contributions

Federal agencies • Coordinate efforts encompassed by the Winning on Reducing 
Food Waste Initiative

• Provide resources for collaboration and coordination with a 
broad group of stakeholders (e.g., state and local governments, 
corporations, academic institutions, foundations) 

• Develop evaluation and implementation guidelines 
• Coordinate and fund a national behavior change campaign, 

and provide relevant stakeholders and the public with tools and 
strategies for reducing food waste 

• Provide research, adaptable tools, and information to state and 
local entities

• Coordinate and provide support for research and for a 
clearinghouse for sharing information and resources

• Where federal agencies have jurisdiction over institutional 
procurement, support initiatives aimed at reducing consumer 
food waste

State and local 
governments

• Coordinate efforts with respect to food waste among agencies 
• Provide funding to support food waste reduction efforts 
• Adapt and disseminate the national behavior change campaign
• Provide the public, businesses, and institutions with resources 

and easy everyday tips for reducing food waste 
• Encourage and support changes to the built environment and to 

food marketing that help reduce food waste
• Establish and evaluate policies that encourage reduction of food 

waste behaviors, such as pay-as-you-throw disposal fees, and 
integrate them with other relevant policies 

• Coordinate efforts to provide schools, universities, and 
other educational institutions with appropriate tools and to 
promote the inclusion of food literacy and associated practical 
opportunities in curricula 

• Where state governments have jurisdiction over schools or 
institutional procurement, support initiatives aimed at reducing 
consumer food waste

continued
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Partner Example Contributions

Manufacturers, 
retailers, and 
marketers

• Provide evidence-based food safety and other information to 
help consumers reduce food waste

• Use evidence-based guidance to develop and offer promotions 
that may reduce food waste, including prioritizing acquisition of 
the optimal amount and variety (including frozen, shelf-stable, 
and perishable) of foods rather than stimulating overacquisition, 
with the goal of helping consumers improve their decision 
making in ways that are likely to reduce food waste

• Develop and offer in-store cues that activate unconscious 
behaviors that prioritize acquisition of the right amount and 
variety (frozen, shelf-stable, and perishable) of foods rather than 
large quantities 

• Work with researchers to evaluate impacts and potential 
unintended consequences of interventions to reduce consumer 
food waste

Food producers and 
the agriculture sector

Restaurants and 
other food service 
providers (e.g., 
cafeterias at 
workplaces) 

• Inform consumers about the impacts of food waste, and provide 
tips to help them reduce such waste

• Reach out to consumers with the goal of reducing their physical 
and psychological distance from food and food production

• Use evidence-based guidance to design, implement, and tailor 
interventions to reduce consumer food waste—for example, 
optimize portions and number of options offered; redesign 
menus and food presentation, such as buffets; stop using trays; 
encourage taking a sample helping and returning for more if 
desired; provide containers for leftovers; and provide tips for 
consumers on how to reduce food waste 

• Work with researchers to evaluate impacts and potential 
unintended consequences of interventions to reduce consumer 
food waste

Food industry 
organizations (e.g., 
National Restaurant 
Association, FMI-
The Food Industry 
Association, Food 
Waste Reduction 
Alliance, Consumers 
Brand Association)

• Engage with the Winning on Reducing Food Waste Initiative 
to coordinate efforts and use consistent methods, approaches, 
and terminology, and support evidence-based best practices 
for reducing food waste at the consumer level by providing 
regularly updated written guidance, consultation services, and 
tools to the relevant industries 

• Encourage businesses to evaluate their efforts and provide tools, 
funds, and connections to researchers for this purpose 

• Develop materials for campaigns aimed at specific sectors to 
educate the business community about costs and benefits of 
these activities 

• Create communities of practice to support sharing of 
innovations and lessons learned 

International 
Organization for 
Standardization 
and other standards 
organizations

• Include practices that reduce food waste at the consumer level 
as criteria in environmental management systems or other 
standards for food businesses

TABLE 5-1 Continued
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Partner Example Contributions

Nongovernmental 
organizations

• Develop/support the development of guidelines, toolkits, and 
best practices

• Support and conduct relevant research
• Continue to support with guidelines and information 

innovators, industries, and institutions that provide food 
through such channels as cafeterias in schools, universities, and 
workplaces

• Engage with the Winning on Reducing Food Waste Initiative 
and others to develop consistent measures, methods, 
interventions, and terminology 

Professional 
associations (e.g., the 
Culinary Institute of 
America Institute of 
Food Technologists, 
the Academy of 
Nutrition and 
Dietetics)

• Work with their memberships to promote the use of their 
platforms to advance consistent food literacy information, 
including evidence-based guidance to help people optimize the 
consumption of food and minimize its discarding, and help 
shift social norms by providing information about the effects of 
wasting food

Influencers (e.g., 
recipe providers, 
cooking show hosts, 
chefs, social media 
personalities), 
extension specialists, 
consumer 
organizations, 
community leaders, 
and other educators

• Assist in disseminating guidance about food waste prevention 
from the Winning on Reducing Food Waste Initiative, advancing 
consistent food literacy information, including evidence-based 
guidance to help people optimize the consumption of food and 
minimize its discarding 

• Help shift social norms by providing information about the 
effects of wasting food

Schools, colleges, and 
universities

• Implement interventions that can help students and staff reduce 
food waste

Innovators (e.g., 
developers of 
software and apps) 

• Improve existing technologies and create new ones (e.g., features 
of the built environment, appliances, apps) to help consumers 
with reducing food waste 

Foundations 

Researchers and 
academic institutions

• Invest in research to advance measurement of food waste at the 
consumer level and study of the drivers of food waste behavior 
and mechanisms for changing that behavior

• Support food waste reduction programs/resources
• Require and provide resources for evaluations in funded 

projects, and ensure that funded interventions are building on 
best practices and evidence rather than reinventing approaches

• Produce research to support future innovations and build the 
knowledge base on drivers of consumer behavior and on best 
practices for interventions to change that behavior

TABLE 5-1 Continued
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Finally, as new approaches to reducing food waste are tested, adapted, 
and implemented it will be critical to collect and analyze data on their 
operation and effects. As discussed in Chapter 6, effective implementation 
of research-based interventions is an ongoing process that requires evalu-
ation, adaptation to local conditions, and often design modification. The 
government partners and others who contribute funding for elements of 
the committee’s proposed strategy can ensure that systematic evaluation is 
built into the effort. 

RECOMMENDATION 12: Government agencies and others who fund 
interventions pursued as part of the proposed strategy to reduce food 
waste at the consumer level, as well as developers of state and local 
policies and regulations, should require that the effects of an inter-
vention, policy, or regulation on reducing food waste and increasing 
consumer capacity to reduce food waste, as well as on other elements 
of the food system and issues beyond food waste, be evaluated. The 
results of this evaluation should be peer-reviewed and made available 
to researchers and the public. 

To sustain the strategy laid out in this report, ongoing work will be 
needed to address significant gaps in the knowledge base on food waste. 
The following chapter describes the primary gaps and provides suggestions 
for research priorities. 
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6

A Research Agenda for Improving 
Interventions to Reduce Food 

Waste and Their Implementation

Much remains to be learned about how food waste at the consumer 
level can be reduced. Researchers from a number of disciplines 
are studying many aspects of this challenge, and they have already 

provided the foundation for meeting this urgent challenge, as described in 
this report. To sustain the strategy laid out in Chapter 5, however, ongo-
ing work is needed to address significant gaps in the knowledge base. This 
concluding chapter summarizes the gaps identified throughout the report, 
and offers the committee’s suggestions for research priorities. The research 
gaps relate to two distinct but interconnected areas:

•	 understanding drivers of consumer behavior and designing inter-
ventions to change that behavior, and

•	 understanding how promising interventions can be implemented 
effectively.

UNDERSTANDING DRIVERS OF CONSUMER BEHAVIOR AND 
DESIGNING INTERVENTIONS TO CHANGE THAT BEHAVIOR 

Although research in the area of food waste, particularly at the con-
sumer level, is expanding rapidly, there remains a need for research to better 
understand the drivers of consumer waste within the food system and how 
that understanding can be translated into effective interventions. The cur-
rent momentum to make rapid progress in preventing consumer-level food 
waste is hampered by a lack of well-designed and -executed studies of the 
effectiveness of interventions that can contribute to that progress. Further, 
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to support decisions about selecting and prioritizing such interventions, it 
will be necessary to evaluate outcomes that include not only effects on food 
waste but also other effects (positive or negative) that may be unintended. 
The effects of the COVID-19 pandemic on the food system and consumer 
behavior will also need to be factored into future studies and will likely 
generate new research questions as well. 

Needed Research on Drivers of Consumers’ Food Waste Behavior

As in the research on behavior change, the committee did not conduct 
an in-depth literature review, but relied mainly on systematic reviews to 
examine the literature related to drivers of food waste at the consumer 
level. We synthesized information on drivers related to away-from-home 
discards from the peer-reviewed academic literature since we could find no 
systematic review in this area. The topics suggested below are meant to ad-
dress the limitations of existing research and inspire future research on the 
drivers of food waste. Advances in this area are important because they will 
help in improving current interventions and designing novel interventions 
to reduce food waste at the consumer level. 

Understanding Consumers and the Food Environment in the United 
States

Further understanding of consumers and the U.S. food environment is 
needed in the following areas: 

•	 Explore consumer segmentation regarding food waste behaviors 
and attitudes so that interventions can be targeted. Particular at-
tention is needed to research investigating such behaviors and 
attitudes among consumers with low income because of the lack 
of current data and the need for research methodologies, such as 
ethnographic methods, that would reach these consumers. 

•	 Assess the benefits of reducing food waste for the different sectors 
of the food industry so they can be communicated to industry lead-
ers and relevant staff. In addition, examine the upstream factors 
that encourage consumers’ overconsumption and identify ways to 
counteract these pressures.

•	 Identify gaps in food literacy by population groups and settings so 
communication and education approaches related to food waste 
can be tailored and designed to be more effective.  

•	 Continue to understand the rapidly changing environment of the 
food industry (e.g., pandemic-induced supply chain disruptions); 
emerging marketing models (e.g., meal kits); and the contribution 
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to food literacy of social media, influencers, and other modern 
forms of communication and their potential effect on food waste, 
consumer behaviors, and other outcomes. 

Focusing Beyond the Individual 

The effects of many correlates of food waste, such as those rooted in 
sociodemographic factors, likely affect food waste behaviors through the 
activation of other drivers, such as social norms, tool availability, or the 
built environment. This realization points to the importance of a systems 
approach, particularly the need to study interactions between drivers and 
socioeconomic factors. However, the literature on drivers tends to focus on 
the individual instead of on drivers across other contexts outside the house-
hold. Additionally, very little research has examined how behaviors and at-
titudes related to food waste translate across different contexts (e.g., home 
vs. restaurant vs. work). These contexts may activate a host of consumer 
goals, attitudes, and norms. For example, if it is possible to shape food 
waste behaviors away from home, it may be possible to design interventions 
that are universally useful, building new habits that consumers from many 
different populations and communities incorporate into their practices at 
home. Further, policies, such as those related to international trade and 
pricing mechanisms, affect the cost of food, what food is produced, how 
much is produced, and where. The effects of these and other policies on 
food waste need to be explored. 

Designing Studies to Understand Causal, Correlational,  
and Intervening Drivers

Qualitative studies are important tools for understanding the interplay 
among the drivers of consumer behavior and how their interrelationships 
result in food waste at the consumer level. However, it is also important to 
understand the size of the effects of the various drivers. These two types 
of research complement each other. As with the literature on interventions 
described in Chapter 4, a shortcoming related to quantitative methods is 
that a large proportion of studies do not use directly measured data on the 
generation of wasted food. Additionally, most quantitative studies are cor-
relational, and thus do not represent causal pathways or clarify what type 
of relationship a driver has with the generation or magnitude of wasted 
food, if any (e.g., Koivupuro et al., 2012; Setti et al., 2018). Further, to 
develop effective interventions, it is important to understand more precisely 
the relative contribution of different drivers of food waste behaviors in dif-
ferent populations.
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Needed Research on Interventions to  
Reduce Consumer-Level Food Waste

The committee’s review of the intervention literature revealed multiple 
examples of interventions with promising results; those promising inter-
ventions can be tested further across contexts and scale, with rigorous 
methods, to identify best practices. Our identification of evidence gaps and 
limitations serves as a roadmap for the research needed to advance a set 
of interventions with the power to help bring widespread change. These 
research needs fall into two areas: methods and intervention types. 

Methods

The committee identified five methodological priorities for strengthen-
ing the literature on interventions:

•	 Long-term follow-up evaluation of interventions, particularly for 
some small studies, is warranted to ensure that behavioral change 
is sustained beyond the initial intervention, to identify unintended 
consequences before scale-up, to improve tailoring to context and 
implementation, and to ensure that the most efficacious and cost-
effective approaches are selected for continued support and scaling. 
The need for such follow-up is reinforced by the fact that research 
in the six related domains explored by the committee yielded few 
insights about how intervention effects persist over time (Abrahamse 
and Steg, 2013; Koop et al., 2019; Nisa et al., 2019; Snyder, 2007; 
Varotto and Spagnolli, 2017) or about to undo old and create new 
habits, how to prolong and reinforce newly formed habits, and how 
interventions may differ between those that target one-off and infre-
quent behaviors and those that target habits (Koop et al., 2019).

•	 Well-designed nonexperimental field studies (e.g., with measures 
of food waste, accounting for confounding factors) are helpful 
because they have better external validity relative to experimental 
studies and can be conducted for longer periods. Nonetheless, there 
is a need for more tier 1 studies that include appropriate control 
groups and other design elements to support robust causal infer-
ences and to ensure that what is measured is actual waste reduc-
tion, rather than intentions to reduce waste. These studies would 
ideally leverage appropriate theory to better shape intervention 
design and implementation. 
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•	 Research is needed that integrates the development of interventions 
and implementation strategies.1 Implementation research is essen-
tial to refine interventions—in particular, translational research 
that applies findings from implementation science to food waste 
initiatives. Also needed, however, is development of a method 
that pairs intervention development with implementation research. 
Systematic reviews in the six related domains corroborate the need 
to use formative research, monitoring research, and evaluative 
research to design interventions, monitor their implementation, 
and evaluate how implementation affects an intervention’s impacts 
(Snyder, 2007). 

•	 As data sources and methods develop, further modeling research 
and other systems-oriented studies will be important. Methods 
for understanding multifaceted interventions are also needed. 
Outcomes beyond efficacy to be assessed include trade-offs, spill-
overs, and equity and distributional implications. In addition, more 
qualitative studies on interventions would allow for better under-
standing of the complexity of and underlying practices influencing 
change. The committee’s review of the six related domains revealed 
the lack of studies exploring underlying mechanisms, such as social 
norms, attitudes, and knowledge, and thus most studies cannot ex-
plain why an intervention worked or what it changed (Abrahamse 
and Steg, 2013; Abrahamse et al., 2005).

•	 The research base needs to be expanded to address diverse popula-
tion groups, particularly communities with lower incomes and their 
contexts, and different scales. 

Intervention Types 

In addition to research to further evaluate the efficacy and effectiveness 
of interventions shown to be promising by existing studies (including those 
with suggestive evidence; see Table 4-2 in Chapter 4), the following types 
of intervention are priorities for additional study:

•	 interventions targeting drivers that have rarely been studied (e.g., 
those related to consumers’ assessment of risk, everyday com-
plexity, influences across the supply chain) (see Chapter 4), and 
“strong” prevention interventions that address root-cause factors 
and work to shift patterns of unsustainable production and con-
sumption; and

1 Implementation outcomes to be considered are acceptability, appropriateness, adoption, 
cost, feasibility, fidelity, and penetration.
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•	 multifaceted interventions, implemented so as to enable segmenta-
tion of component effects in analysis. 

THE SCIENCE OF IMPLEMENTING INTERVENTIONS 

Implementation is an aspect of successful transformation that is fre-
quently neglected by researchers, decision makers, and practitioners, but is 
essential in achieving desired outcomes. A systematic approach to imple-
mentation requires an investment of both financial and human resources. 
The field of implementation science is well established in such areas as 
education and health. As the committee’s assessment of systematic reviews 
in environmental and health-related behavior revealed, however, the field of 
implementation in these areas is still underresearched. In the realm of food 
waste, a few implementation guides exist for specific interventions (e.g., for 
reducing food waste in schools or for community education campaigns), 
but more attention is needed to the development of strategies and tools to 
support stakeholders as they implement food waste interventions. Given 
that implementation strategies are context dependent, providing strate-
gies for each of the recommendations in this report would not be feasible. 
However, the following sections explain the importance of stakeholders’ 
systematic engagement in implementation and of their considering it es-
sential to realizing the desired outcomes of interventions. 

The Importance of Considering the Dissemination 
and Implementation of Interventions 

A number of interventions designed to reduce food waste at the con-
sumer level have shown positive results, and this report calls for new inter-
ventions to be developed and researched. Broadly speaking, interventions 
fall into a number of categories, such as programs (e.g., food waste cur-
ricula in schools), practices (e.g., reducing plate sizes), products (e.g., smart 
refrigerators), and policies (e.g., pay-as-you-throw) (Brown et al., 2017). 
As emphasized throughout the report, robust empirical evidence supporting 
the efficacy of food waste interventions is limited, and in the absence of 
such evidence, decision makers might choose to adopt a given intervention 
because it appears to be the best available solution to an identified problem 
or because the intervention has been mandated by an external party. Fur-
thermore, even an intervention with empirical evidence of efficacy within 
a controlled experimental environment or in a given setting may not be ef-
fective in other settings. Regardless of the strength of evidence supporting 
an intervention, the approach used to disseminate information about the 
intervention and the strategies used to implement it will affect its rate of 
diffusion and the effectiveness of its implementation.
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Given that the evidence for most interventions targeting food waste 
is not well developed, it is likely that new interventions will continue to 
be developed, and existing interventions may be redesigned. Considering 
dissemination and implementation issues when designing interventions can 
help prevent the development and testing of interventions that are unlikely 
to be disseminated and adopted in practice. The importance of doing so 
has been highlighted by implementation researchers in other fields. For ex-
ample, the concept of “designing for dissemination”—defined as “an active 
process that helps to ensure that public health interventions, often evaluated 
by researchers, are developed in ways that match well with adopters’ needs, 
assets, and time frames”—responds to evidence about the ineffectiveness of 
passive dissemination approaches, the importance of engaging stakehold-
ers in the design process, and the need to tailor dissemination activities to 
specific audiences (Brownson et al., 2013, p. 1695). Similarly, principles 
of “user-centered design”—such as active user participation throughout 
the project, early prototyping, and multidisciplinary design teams—have 
been applied to guide the development of information systems and tech-
nologies, as well as various types of interventions (Gulliksen et al., 2003). 
Applying similar design principles to interventions aimed at reducing food 
waste could be particularly important for achieving desired benefits across 
population subgroups. 

Deciding Which Interventions to Disseminate or Implement

A community, organization, or individual may face multiple problems 
that could be addressed by interventions. In most cases, food waste would 
be one of many competing priorities, and reducing consumer food waste in 
one area could affect operations in another area. In addition, for any given 
problem, multiple possible solutions (interventions) likely exist. In some 
cases, there is insufficient evidence (or knowledge) to determine the optimal 
way to address a problem. Alternatively, evidence may exist that supports 
multiple solutions (interventions), leaving decision makers to select which 
is the best fit for addressing the identified problem. In all cases, simply 
selecting an intervention is not enough. In fact, as highlighted throughout 
this report, interventions commonly need to be adapted because some of 
their components or features are not applicable to the local context (Strauss 
et al., 2013). For example, educational content may need to be added, 
removed, or altered to account for the needs of different populations and 
to ensure cultural appropriateness (Escoffery et al., 2018). Guidance exists 
for planning and documenting such modifications to support research and 
evaluation efforts for modified interventions (Wiltsey Stirman et al., 2019).
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Barriers to and Facilitators of Implementation

Once an intervention has been selected, additional work is needed to 
help ensure that it will lead to the desired results, such as a reduction in 
food waste. Just as multiple factors (i.e., drivers) contribute to food waste, 
various factors can influence whether an intervention aimed at reducing 
food waste is adopted and ultimately implemented effectively. These factors 
can serve as either barriers or facilitators and may occur at multiple levels, 
such as the intervention, the individual, the organization, and the external 
environment. For example, the evidence supporting the intervention, the 
complexity of the intervention, and its cost all may influence whether de-
cision makers adopt it. Furthermore, perceptions of the intervention may 
be influenced by how information about such characteristics is communi-
cated—by whom, by which methods, and with what content (Damschroder 
et al., 2009; Rogers, 2003). 

At the individual level, such characteristics as the person’s role, prior 
experience, and knowledge about the intervention can shape perceptions 
of its appropriateness and, ultimately, whether decision makers choose it 
(Damschroder et al., 2009). Within organizations, various factors may con-
tribute to (or hinder) the adoption of an intervention and the effectiveness 
of its implementation once it has been selected for adoption. For example, 
an organization’s readiness for change—its collective willingness and abil-
ity to implement an intervention—can be expected to influence the extent 
to which the members cooperate with each other during the implementa-
tion process and persist despite implementation challenges (Weiner, 2009). 
Similarly, a strong “implementation climate” within an organization—the 
extent to which use of an intervention is expected, supported, and rewarded 
by leadership—is expected to promote more consistent, high-quality use of 
the intervention (Weiner et al., 2011). Finally, in the external environment, 
such factors as policies, incentives, and interorganizational relationships 
may affect the adoption of an intervention and the effectiveness of its 
implementation (Damschroder et al., 2009). 

Selecting and Tailoring Dissemination  
and Implementation Strategies

Widespread adoption of an intervention may not occur absent dissemi-
nation strategies designed to communicate information about the interven-
tion and promote its adoption (Bero et al., 1998). These dissemination 
strategies can be categorized as (1) developing messages and materials and 
(2) distributing those messages and materials for specific audiences (Leeman 
et al., 2017). Once the decision has been made to adopt an intervention, its 
intended users typically need support to promote effective implementation. 
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Implementation strategies provide this support and are “the ‘how to’ of 
implementation efforts” (Waltz et al., 2019). 

More specifically, implementation strategies can be seen as “methods 
or techniques used to enhance the adoption, implementation, and sustain-
ability” of an intervention (Proctor et al., 2013, p. 140). They are intended 
to address barriers to adopting and/or using an intervention and may be 
carried out by actors other than those targeted by the intervention (Powell 
et al., 2015). If used effectively, these strategies help ensure that well de-
signed interventions yield the expected benefits. Examples of such strategies 
include (1) holding meetings for specific stakeholder groups to teach them 
about the intervention; (2) forming a learning collaborative consisting of 
groups of organizations attempting to implement the same intervention; 
and (3) auditing and providing feedback about performance data so us-
ers can better monitor, evaluate, and modify their use of the intervention 
(Powell et al., 2015). 

In the food waste context, organizations might pay attention, for ex-
ample, to the many waste-producing behaviors of their members and how 
they are embedded in routine practices and habits. As a result, they might 
intervene to break the habit cycle and support the development of new food 
use routines during “teachable moments” when new practices are being 
formed. For example, higher education institutions might provide storage 
tools, refrigerator and freezer access, and information as part of move-in 
kits and establish norms via visible waste reduction campaigns in university 
food service facilities. Hospitals and postnatal care organizations might 
offer tools and incentives to help new mothers maximize the value from 
food as they establish new routines. Neighborhood organizations might 
introduce new residents to food stewardship when new residents move in, 
along with cues placed close to points of consumption and disposal regard-
ing the neighborhood’s shared commitment to waste reduction. Employers 
might welcome new employees with storage containers and information 
about in-workplace storage tools and options. Agencies, nongovernmental 
organizations, and educators might initiate campaigns on holidays, at the 
beginning of the week or month, or on “special days” to capitalize on 
“fresh start effects.” And parent-teacher organizations might provide food 
use toolkits to incoming students and their families.

Just as interventions effective in one context need to be adapted to a 
different local context or setting (e.g., hospitals vs. schools), barriers to 
using an intervention may vary across different groups and settings (Mitt-
man, 2012). This variability may necessitate the use of different combina-
tions of implementation strategies to address those different barriers and/
or tailoring of a specific implementation strategy (Powell et al., 2019). For 
example, communities may vary in terms of the presence of supportive 
policy, infrastructure, and citizen awareness related to food waste. Some 
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communities may need strategies targeting barriers within each of these 
domains, whereas others may need to focus strategies on a subset of the 
domains. Examples of specific strategies that may need to be tailored in-
clude the method for distributing educational materials (e.g., in person, by 
mail, or online) or the particular indicators monitored when auditing and 
providing feedback on behaviors or practices. Guidance for selecting and 
tailoring implementation strategies is available, and the knowledge base in 
this area continues to grow (Powell et al., 2017). The need to select and 
tailor interventions and implementation strategies illustrates some of the 
principles underlying the recommendations in this report, for example, 
that not all consumers are already highly motivated to reduce food waste 
and that underlying differences in household characteristics influence the 
amount of waste generated.

Identifying Implementation Outcomes 

Given that the effectiveness of implementation influences the extent to 
which desired outcomes (e.g., a reduction in wasted food) are realized, it is 
important to select implementation strategies that address barriers to and 
therefore promote more effective implementation. The effectiveness of im-
plementation can be evaluated based on implementation outcomes, which 
are distinct from the desired outcomes of the intervention. Implementation 
outcomes are “the effects of deliberate and purposive actions to implement 
new treatments, practices, and services” and serve as indicators of the suc-
cess of implementation and as key intermediate outcomes (Proctor et al., 
2011, p. 65). A commonly used framework identifies eight implementation 
outcomes: acceptability, appropriateness, adoption, cost, feasibility, fidelity, 
penetration, and sustainability (see Table 6-1).

Given the limited evidence for food waste interventions and their imple-
mentation, future research in the field could benefit from using hybrid effec-
tiveness–implementation designs to assess both intervention outcomes and 
implementation barriers, strategies, and outcomes. Such a hybrid design 
allows for assessment that is appropriate given the current state of evidence 
for the interventions and their implementation. More specifically, a hybrid 
design follows one of three paths: (1) testing effects of an intervention while 
secondarily collecting information about implementation (e.g., barriers to 
implementation), (2) dual testing of the intervention and an implementation 
strategy (or strategies) for the intervention, or (3) testing of a discrete or 
multifaceted implementation strategy while also assessing the intervention’s 
effect to determine whether intervention outcomes differ relative to prior 
evidence (e.g., from efficacy trials) (Curran et al., 2012).  
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General versus Intervention-Specific Capacities

Although the issues discussed above relate to the implementation of a 
specific intervention, it is important to consider that communities, organiza-
tions, and even individuals may have both a general and an intervention-
specific capacity for change (Wandersman et al., 2008, 2015). In other 
words, potential adopters of interventions (e.g., communities, organiza-
tions, individuals) can vary both in their ability to make changes in gen-
eral and in their willingness and ability to make a specific change (i.e., to 
implement a particular intervention). For example, an organization with a 
culture supportive of innovation, engaged leadership, robust information 
and communication systems, effective planning processes, and systematic 
quality monitoring and improvement processes may be viewed as having 
a high level of general capacity for change. Examples of strategies for in-
creasing general capacity within an organization include training, technical 
assistance, and peer networks (Leeman et al., 2015). Although a high level 
of general capacity provides a supportive environment for the implemen-
tation of any specific intervention, it does not guarantee the success of its 
implementation (Leeman et al., 2017). Thus implementation strategies (as 
discussed above) are likely needed to facilitate effective implementation 
of any specific intervention. At the same time, however, having a general 
capacity for change may be foundational for selecting and tailoring the 
implementation strategies needed to promote successful implementation 
of an intervention. Therefore, it is important to consider (and increase as 
needed) both the general and the intervention-specific capacity for change.

TABLE 6-1 Implementation Outcomes

Outcome Indicators of Success

Acceptability Perception among stakeholders that a given intervention is agreeable 
(e.g., not overly complex)

Appropriateness Perceived fit of the intervention for a given setting or consumer 

Adoption Initial decision or action to try to employ an intervention  

Cost Financial impact of an implementation effort, which may vary 
depending on the complexity of the intervention, the implementation 
strategy, and the setting in which implementation occurs

Feasibility Extent to which an intervention can be used in a given setting

Fidelity Degree to which an intervention is implemented as intended by its 
designers

Penetration Extent to which the intervention is integrated within a setting and 
its subsystems (e.g., departments or other groups of intended users)

Sustainability Extent to which use of an intervention is institutionalized within a 
setting’s operations and/or maintained over time
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SUMMARY AND CONCLUSIONS

Research evidence is vital for identifying promising interventions, but 
implementing them on a broad scale requires attention to other factors as 
well. There is a rapidly developing body of research on the implementation 
of interventions designed to meet public policy objectives. However, rela-
tively little of that research has addressed food waste specifically. Efforts are 
needed to align the development of food waste interventions with activities 
to disseminate and implement them.

CONCLUSION 6-1: Implementation of interventions identified as 
promising requires careful attention not only to unexpected outcomes 
but also to such factors as feasibility, capacity, fidelity to the inter-
vention design, cost, and appropriateness to the settings in which an 
intervention will be used. Translational research is needed to apply 
frameworks, methods, and existing evidence from implementation re-
search to food waste initiatives.

CONCLUSION 6-2: Many interventions that have been studied have 
demonstrated significant efficacy in reducing food waste at the con-
sumer level in experimental settings. However, few of these promising 
interventions have been systematically evaluated for effectiveness in 
real-world and large-scale applications. Interventions that demonstrate 
high levels of efficacy and effectiveness are needed to significantly 
reduce consumer-level food waste. Research integrating intervention 
development with implementation research is needed to identify and 
refine the most promising interventions so they can be put into practice 
at a broad enough scale to have meaningful effects. 
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Appendix A

Public Session Agendas

The committee held two meetings that were open to the public. The 
first took place on August 16, 2019, in Washington, D.C. The second 
took place on October 7–8, 2019; it was held as an online conference 

on October 7 and in Washington, D.C, on October 8. 

Committee on A Systems Approach to Reducing Consumer Food Waste
Open Meeting 1

Friday, August 16, 2019
8:00 AM–12:30 PM ET

PERSPECTIVES FROM THE SPONSORS
Moderator: Barbara Schneeman, Committee Chair

8:00 Welcome
 Barbara Schneeman, Committee Chair

8:05 Perspectives from the Foundation of Food and Agriculture 
Research

 Sally Rockey, Executive Director 

8:25 Perspectives from The Walmart Foundation
 Eileen Hyde, Director of Hunger and Healthy Eating (by 

Zoom)

8:40 Q&A
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PERSPECTIVES FROM RESEARCHERS
Moderator: Barbara Schneeman, Committee Chair

8:50 Household Food Waste: Lessons from around the Globe 
 Tom Quested, Waste and Resources Action Programme 

(WRAP) Global (by Zoom)

9:10 Reducing Consumer Food Waste: Insights from the Guelph 
Food Waste Research Group 

 Kate Parizeau, University of Guelph

9:30 Consumer-level Wasted Food: Insights, Ideas and  
Lessons Learned

 Ashley Zanolli, Emerging Possibility LLC

9:50 Q&A

10:15 Break

10:30 Wasted Food in Oregon:  Recent Research Findings and Next 
Steps

 Elaine Blaitt, Oregon Department of Environmental Quality 
(by Zoom)

10:50 Peeling Back Layers of the Wasted Onion: Root Causes of 
Consumer Food Waste and Shifting the Environment around 
Them

 Dana Gunders, Next Course, LLC (by Zoom)

11:10 Experiences from the Hospitality and Food Service Industries
 Pete Pearson, World Wildlife Fund

11:30 Wise Psychological Interventions
 Greg Walton, Stanford University (by Zoom)

11:50 Q&A

12:30 Open session adjourns
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Committee on A Systems Approach to Reducing Consumer Food Waste
Open Meeting 2

Monday, October 7, 2019
4:30–5:15 PM ET

Moderator: Barbara Schneeman, Committee Chair
4:15 Welcome
 Barbara Schneeman, Committee Chair

4:20 The Value of Packaging as a Strategy to Prevent Food Waste  
in America

 Martin Gooch, VCM-International (by Zoom)

4:40 Q&A

5:00 Open Session Adjourns

Tuesday, October 8, 2019
8:30 AM–1:40 PM ET

8:30  Registration

Moderator: Barbara Schneeman, Committee Chair

9:00 Welcome
 Barbara Schneeman, Committee Chair

Session 1: Trends in Food Distribution and Purchasing

9:05 Understanding Consumption Habits to Influence Food Waste
 Darren Seifer, The NDP Group 

9:25 Q&A

Session 2: Learning from Other Disciplines

9:40 Lessons from Psychological Research on Recycling, Energy 
Use, and Composting  

 Alex Maki, American Association for the Advancement of 
Science
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10:00 A Community-Based Environmental Change Intervention to 
Sustain Weight Reduction

 Christina Economos, Tufts University (by Zoom) 

10:20 Q&A

Session 3: Potential Technological and Policy Interventions

10:40 Save the Food Campaign
 Erik Olson, Natural Resources Defense Council
 Andrea Spacht Collins, Natural Resources Defense Council 

(by Zoom)

11:00 The Science of Behavior Change: How to Maximize 
Reductions in Food Waste at the Consumer Level

 Corby Martin, Pennington Biomedical Research Center

11:20 Food Waste and Food Security Policies in Washington State 
 Katie Rains, Washington State Department of Agriculture  

(by Zoom)

11:40 Q&A

12:00 Lunch

1:00  The Power of Social Movements and Civic Activism to Bring 
About Social Change

 Dana Fisher, University of Maryland

1:25 Q&A

1:45 Open Session Adjourns
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Appendix B

Literature Search Approach

Two sets of literature searches were conducted (in 2019) to inform 
the committee’s work. The first was conducted to identify imple-
mentation strategies to reduce food waste at the consumer level. The 

second was done to identify reviews, systematic reviews, and meta-analyses 
of drivers and strategies to intervene for consumer or household behaviors 
related to energy saving, recycling, water conservation, waste prevention, 
and diet change.

In order to obtain a more rounded set of results that accounted for dif-
ferences in indexing practices and use of vocabulary in titles and abstracts, 
the first set was split into two groups. The first iteration explicitly included 
behavior-related terms and avoided prevention-related terms. The second 
iteration left out behavior-related terms and targeted prevention-related 
terms. Searches were conducted in six online databases: Agricola, Embase, 
Medline, ProQuest Research Library, PubMed, and Scopus. Articles were 
included if they were published within the last 15 years, available in Eng-
lish, peer-reviewed, and conducted in Europe or English-speaking countries. 
The search terms for both iterations are shown in Table B-1. The searches 
yielded 548 unduplicated articles from the first group and 234 unduplicated 
articles from the second group. 
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TABLE B-1 Search Terms Used to Identify Relevant Literature on Food 
Waste 

Topic Search Terms

Food Waste Domestic food waste
Food
Food discard
Food loss
Food scraps
Food shrink
Food wastage
Food waste
Household food waste
Leftovers
Meals
Plate waste
Restaurant food waste
School food waste
Surplus food
Wasted food

Consumer Behavior Consumer
Customer
Diner
End user
Final consumer
Food purchaser
Household
Shopper

Attitude
Behavioral change
Behavioral modification
Intervention

Food Waste Reduction Avoid
Avoidance
Compost
Control
Decrease
Doggy bag
Lower
Minimization
Minimize
Prevent
Prevention
Reduce
Reduction
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The second set of searches, which targeted other efforts to change con-
sumer or household behaviors, was also conducted in two parts.  The first 
focused on strategies to promote energy saving and recycling behaviors. 
The second was directed at strategies to promote energy saving, recycling, 
water use conservation, waste prevention behaviors, and diet change, but it 
was limited to systematic reviews and meta-analyses. Both sets of searches 
were conducted in ProQuest Research Library, PubMed, and Scopus. The 
first search on energy-saving behaviors included papers that were published 
within the last 15 years, and it was limited to reviews, including, but not 
limited to, systematic reviews from Europe and English-speaking countries. 
The second search used the same terms, but it was restricted to systematic 
reviews and meta-analyses that had been published in English since 2000. 
Search terms are presented in Table B-2. The first search yielded 380 undu-
plicated studies; the second search yielded 406 unduplicated studies.

TABLE B-2 Search Terms Used to Identify Relevant Literature on 
Energy-Saving and Recycling Behaviors

Topic Search Terms

Energy-Saving Behaviors Attitudes
Behavior modification
Behavioral change
Behavioral modification
Choice behavior
Consumer
Consumer attitudes
Consumer behavior
Customer
Decision making
Demand side management
Domestic
Efficient energy use
End user
Energy conservation
Energy efficiency
Energy saving
Final consumer
Food purchaser
Home
Household
Imitative behavior
Intention
Shopper
User behavior

continued
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Topic Search Terms

Recycling Behaviors Attitude
Behavior modification
Behavioral change
Behavioral modification
Choice behavior
Consumer
Consumer attitudes
Consumer behavior
Customer
Decision making
Domestic
Efficient energy use
End users
Energy conservation
Energy efficiency
Energy saving
Final consumer
Food purchaser
Home
Home recycling
Household
Household recycling
Imitative behavior
Intention
Recycling
Shopper
User behavior

TABLE B-2 Continued
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Topic Search Terms

Water Consumption and Water 
Use Conservation Behaviors

Attitudes
Behavior modification
Behavioral change
Behavioral modification
Choice behavior
Consumer
Consumer attitudes
Consumer behavior
Customers
Decision making
Domestic
End users
Final consumer
Food purchaser
Home
Household
Imitative behavior
Intention
Residential water conservation
Residential water use
Shopper
User behavior
Wasting water
Water conservation
Water consumption
Water use conservation
Water wasting

TABLE B-2 Continued

continued
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Topic Search Terms

Waste Prevention Behaviors Attitude
Behavior modification
Behavioral change
Behavioral modification
Choice behavior
Consumer
Consumer attitudes
Consumer behavior
Customer
Decision making
Domestic
End users
Final consumer
Food purchaser
Home
Households
Imitative behavior
Intention
Preventing waste
Reduce waste
Reducing waste
Shopper
User behavior
Waste minimization
Waste prevention
Waste reduction

TABLE B-2 Continued
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Topic Search Terms

Diet Change Behaviors Attitude
Behavior modification
Behavioral change
Behavioral modification
Changing diet
Choice behavior
Consumer
Consumer attitudes
Consumer behavior
Customer
Decision making
Diet change
Diet habits
Dietary habits
Domestic
Eating behavior
Eating habits
End user
Final consumer
Food habits
Food policy
Food purchaser
Home
Household
Imitative behavior
Intention
Nutrition policy
Shopper
User behavior

TABLE B-2 Continued
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Appendix C

Additional Information  
on Food Waste 

This appendix focuses on the defining and estimating food loss and 
food waste.  After laying out the basics of the various definitions and 
the challenges and efforts to standardize those terms, the rest of the 

appendix presents an overview of methods to estimate food loss and food 
waste and examples of programs to reduce food loss and food waste. In 
addition, the appendix includes selected resources and efforst by stakehold-
ers in the United States. The appendix focuses primarily on consumer-level 
food waste. 

ESTIMATING FOOD LOSS AND FOOD WASTE 

Defining Food

The definition of “food” is key to most definitions of food loss and 
food waste. It is common for “food intended for human consumption” 
to be used to differentiate between food materials included and excluded.  
Food materials grown for nonfood uses (e.g., ethanol production or animal 
feed) and inedible parts of plants (e.g., corn stalks) are excluded. There 
is a differentiation between “associated inedible parts,” which tend to be 
harvested alongside the edible parts (e.g., corn husks), and “inedible parts,” 
which are unlikely to be harvested (e.g., corn stalks). Other unintended or 
unmarketable parts of plants (e.g., small ears of corn) or loss from natural 
causes are sometimes included (Spang et al., 2019). 

After the definition of food is determined, there are three major differ-
ences that delineate the definition of food loss and food waste: (1) stages 
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of the supply chain included (e.g., on-farm losses are sometimes excluded); 
(2) inclusion or exclusion of associated edible parts (e.g., the U.S. Depart-
ment of Agriculture [USDA] excludes associated inedible parts while the 
U.S. Environmental Protection Agency [EPA] includes them); and (3) end-
of-life/discard destinations included (e.g., sometimes only landfill/incinera-
tion is considered food waste) (Spang et al., 2019). The many definitions 
and terms for food loss and food waste (Roodhuyzen et al., 2017) make 
comparisons between studies difficult (Bellemare et al., 2017; Östergren et 
al., 2014; Spang et al., 2019). To reduce this difficulty, an international ac-
counting and reporting standard was created to standardize reporting, and 
it requires a clear description of the boundaries of quantification (Hanson 
et al., 2016). Additionally, FUSIONS (Food Use for Social Innovation by 
Optimising Waste Prevention Strategies), a project of the European Union, 
released a definitional framework, clearly defining suggested boundaries for 
food loss and food waste (Östergren et al., 2014). 

Sometimes “food loss” and “food waste” are distinguished from each 
other, although there are multiple ways in which they have been defined: (1) 
food loss as occurring upstream in the food supply chain and food waste as 
occurring at retail and consumer levels; (2) food waste as a subset of food 
loss; or (3) food loss as involuntary and food waste as voluntary. There are 
also other less common differentiations, such as wasted food (edible) and 
food scraps (inedible) or edible and inedible. Edibility (and avoidability), 
however, is not a fixed characteristic of food, but is based on biological/
physical, social, cultural, and technological factors. Another term that is 
found in the literature, ingestibility (or digestibility), is not appropriate 
because many things are ingestible, for example lemon rind, but have un-
pleasant taste or texture or can become ingestible with enough processing 
(Gillick and Quested, 2018; Nicholes et al., 2019). Distinguishing between 
edible and associated inedible parts is important because it is generally 
acknowledged that these parts have different underlying reasons for being 
discarded; food waste prevention programs tend to focus on the avoidable 
or edible fraction of food waste while the inedible parts are targeted for 
composting or other valuable disposal streams. Another term, rescuable, 
refers to whether a food was safe to eat at the time of discard (e.g., moldy 
lasagna is considered edible but not rescuable). 

Overview of Methods to Estimate Food Loss and Food Waste 

Measurement and quantification are used to establish baselines, es-
timate impacts, identify areas for intervention or “hot spots,” and track 
progress over time. Quantification and measurement of food loss and waste 
has greatly increased in the last decade (Xue et al., 2017). 
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The different purposes of measurement may require different levels of 
granularity or accuracy. The most common metric, expressed in total vol-
ume or as proportion, is mass (weight) although volume, monetary value, 
or cost and nutritional value (e.g., calories) are also used. The impacts of 
food loss and waste that are commonly explored are water use, energy 
use, influence on nutrient cycling, pollution and toxic material production, 
biodiversity loss, and land use change. 

Given the recent proliferation of food waste estimates, there has been 
a call for standardization in quantification to enable comparison and track 
progress toward global, national, and regional goals (Xue et al., 2017), 
and multiple organizations have published guidances (Hanson et al., 2016; 
Quested, 2019; Tostivint et al., 2016). Notably, the Food Loss and Waste 
Accounting and Reporting Standard was developed by an international 
group of experts and provides guidance on quantification, including a 
template to clearly define the boundaries of quantification (Hanson et al., 
2016). 

Despite the proliferation of estimates of food loss and waste at national 
and subnational levels, as well as for various stages along the food supply 
chain, there are major limitations in the current data. According to Xue et 
al. (2017) over half of the studies they reviewed were based on secondary 
data, signaling high uncertainties. In addition to the lack of primary data, 
outdated data are also frequently used. As mentioned above on definitions, 
significant variation in system boundaries and methodologies for quanti-
fication make comparisons and verification difficult (Hanson et al., 2016; 
Spang et al., 2019; Xue et al., 2017). Xue et al. (2017) suggest addressing 
this issue by creating a database that uses a common reporting framework 
to improve consistency and comparison. 

Broadly, quantification methods at the consumer level are categorized 
into those that directly measure discarded food and those that quantify 
other metrics (e.g., total food production or food consumption) to estimate 
the amount of food waste (see Table C-1). Common direct methods are 
waste composition analyses, weighing studies, diaries, surveys (e.g., Stefan 
et al., 2013; Visschers et al., 2016), and records (e.g., waste bills). Com-
mon indirect methods are food balance models and use of proxy data as 
commonly used methods (Moreno et al., 2020; Roodhuyzen et al., 2017; 
Xue et al., 2017). 

Many of these methods have differences in the information they provide 
(e.g., ability to provide granular data, drivers), representativeness of the data 
(e.g., communities, states, households), or whether they are self-reported 
data. Self-reported data from diaries, surveys, and some records (e.g., waste 
bills) are often subject to more bias associated with gaining a representa-
tive sample (e.g., bias in participation), accurate reporting (e.g., lapses in 
memory or intentional omissions), and changes in behavior as a result of 
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TABLE C-1 Most Common Methods for Estimating Wasted Food at the 
Consumer Level 

Method Description Information Consumer Level

Accuracy, 
Objectivity,  
and 
Reliability

Direct Measurements

Weighing Scales; used in 
food service 
settings

Less able to provide 
granular data; 
objective

Populations High

Diaries Daily records; 
used for 
households and 
commercial 
kitchens

Better able to 
provide granular 
data, with added 
information about 
drivers; self-reported 
but likely more 
accurate than 
surveys

Individuals Medium

Surveys Questionnaires; 
used for 
households

Better able to 
provide granular 
data, with added 
information about 
drivers; self-reported 

Individuals Medium

Records (e.g., 
waste bills)

Nonfood waste-
related data; used 
for households as 
well as retail and 
manufacturing 
businesses

Less able to provide 
granular data; 
self-reported when 
measuring it at 
household level 

Individuals and 
populations

Medium

Observation Visual estimation 
or counting the 
number of items 
wasted

Less able to provide 
granular data; 
estimaed

Populations Low

Indirect Measurements

Modeling Using 
mathematical 
models 

Less able to provide 
granular data

Populations Low 
accuracy and 
reliability; 
medium 
objectivity
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Method Description Information Consumer Level

Accuracy, 
Objectivity,  
and 
Reliability

Food Balance 
Models

Using a food 
balance sheet 
or human 
metabolism 
based on inputs, 
outputs, and 
stocks along the 
food supply chain

Less able to provide 
granular data

Populations Medium 
accuracy and 
reliability; 
high 
objectivity

Proxy Data Using data 
from companies 
or statistical 
agencies; for 
scaling data 
to produce 
aggregated 
estimates

Less able to provide 
granular data

Populations Medium 
accuracy and 
reliability; 
high 
objectivity

TABLE C-1 Continued

reporting the data. However, some data are hard to obtain without self-
reporting (e.g., information on drain disposal of food waste). Certain types 
of self-reported data (e.g., weighing or a kitchen diary) are considered more 
accurate than others, such as surveys, which ask people to recall how much 
food they wasted in the previous day or week or estimate how much they 
waste “on average.” Diaries and photo journals have been found to under-
estimate household-level food waste (van Herpen et al., 2019), but surveys 
and recalls are less accurate than diaries (Thompson and Subar, 2001). 

The review by Xue et al. (2017) found that less than 20 percent of the 
studies used first-hand data. Although direct measurements have problems 
with achieving a representative sample, indirect measurements lack granu-
larity. The authors argue that that no single measurement methodology is 
good enough and suggest the use of a statistics-based estimation of food 
loss and waste coupled with first-hand measured data to corroborate find-
ings (Xue et al., 2017).

SAMPLES OF U.S. GUIDELINES AND INITIATIVES TO 
REDUCE FOOD WASTE AT THE CONSUMER LEVEL

Despite the challenges in measuring food waste, there is a general 
consensus that food waste is a growing concern, and many efforts have 
been undertaken by a wide variety of stakeholder groups to reduce it at the 
consumer level. Table C-2 provides a sampling of guidelines and toolkits 
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TABLE C-2 Sample Guidelines and Toolkits for How to Reduce  
Food Waste

Title Author Target Audience Description

Food Waste 
Reduction 
Guidelines at 
Home

FUSIONS School children and 
their families;
preschool educators;
kindergarten food 
service employees

Practical information about food 
waste, ways to maintain and 
store food, leftover recipes, and 
tips for efficient food purchases 

Refresh 
Community of 
Experts

Refresh, 
European 
Union

All stakeholders Website that shares and collects 
information and best practices on 
food waste prevention

What You Can 
Do To Help 
Prevent Wasted 
Food

USDA School staff; parents;
Students

Tips with links to related 
resources on how to reduce, 
recover, and recycle food

Tackling Food 
Waste in Cities: 
A Policy and 
Program Toolkit

NRDC City policy makers and 
agency staff

Strategies with detailed actions 
for what cities can do to rethink, 
reduce, rescue, and recycle food 
waste

Guide to 
Conducting 
Student Food 
Waste Audits

USDA, 
EPA, and 
University 
of Arkansas

Students;
school staff

Information and why and how 
to conduct a food waste audit. 
Ideas for preventing food waste 
in schools

Fighting Food 
Waste in Hotels

WWF 
and the 
American 
Hotel and 
Lodging 
Association

Hospitality industry Toolkit with information, tools, 
and resources to help hotel 
industry prevent, donate, and 
divert wasted food at their 
properties 

Food Waste 
Warrior Toolkit

WWF Students; 
Teachers

Website with lesson plans, 
resources, and activities

Wasting Less 
Food in K–12 
Settings: Best 
Practices for 
Success

NRDC K–12 schools Practical steps to reduce wasted 
foods in school cafeterias and 
kitchens

Food: Too 
Good to Waste 
(FTGTW). 
Implementation 
Guide and 
Toolkit

EPA Local governments;
community 
organizations

The implementation guide shows 
how to implement FTGTW using 
the toolkit the toolkit covers 
behavior change and outreach 
for individuals and households 
using community-based social 
marketing principles
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Title Author Target Audience Description

Food 
Promotions 
Guidance for 
Manufacturers 
and Food 
Promotions 
Guidance for 
Retailers

WRAP Food manufacturers 
and retailers

Guidance for developing 
food promotions that do not 
contribute to increased food 
waste in the grocery sector

Your Business 
Is Food, Don’t 
Throw it Away

WRAP Hospitality and food 
service

Toolkit for creating a food waste 
reduction action plan 

Toolkit. 
Reducing the 
Food Wastage 
Footprint

FAO Households; 
producers; 
government; 
food industry

Provides examples of good 
practices for reducing food 
waste; also identifies food 
waste information sources and 
guidelines 

Best Practices 
and Emerging 
Solutions 
Toolkit

FWRA Retailers and food 
manufacturers

Provides basic steps to reducing 
food waste while also raising the 
profile of the issue of food waste 
to a broader audience.

Keeping Food 
Out of the 
Landfill: Policy 
Ideas for States 
and Localities

Harvard 
Food Law 
and Policy 
Clinic

State and local 
governments

Toolkit describes policy areas 
that governments can examine 
as methods to reduce food waste 
and details the relevant federal 
laws

Bans and 
Beyond: 
Designing and 
Implementing 
Organic Waste 
Bans and 
Mandatory 
Organics 
Recycling Laws

Harvard 
Food Law 
and Policy 
Clinic

State and local 
governments; 
regulators; 
advocates

Toolkit is a resource for policy 
solutions to reduce food waste; 
examines policies and programs 
to incentivize waste reduction 

Toolkit for Food 
Waste-Free 
Events

The 
Rockefeller 
Foundation 

Businesses; 
hospitality industry;
food service industry; 
community 
organizations; 
educators; 
consumers; 
governments

Toolkit of best practices and 
strategies for reducing food 
waste at events (festivals, fairs, 
conferences, sports events, etc.)

NOTES: EPA, U.S. Environmental Protection Agency; FAO, U.N. Food and Agriculture Or-
ganization; FUSIONS, Food Use for Social Innovation by Optimising Waste Prevention Strate-
gies; FWRA, Food Waste Reduction Alliance; NRDC, Natural Resources Defense Council; 
WRAP, Waste and Resources Action Programme; WWF, World Wildlife Fund.

TABLE C-2 Continued
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that have been developed worldwide. The different products are tailored to 
the target many audiences, including households, policy makers, educators, 
hospitality industry, retailers, and community organizers. 

In the United States, governments at all levels have initiatied a number 
of programs to help reduce food waste. Box C-1 provides examples of fed-
eral programs. The committee did not carry out a systematic identification 
of state and local initiatives, but received briefings on them; examples are 
shown in Box C-2. 

BOX C-1 
Selected Federal Initiatives to Reduce Food Waste

In	2015,	USDA	and	EPA	announced	two	new	efforts.	One	is	the	2030	Food	
Loss	 and	Waste	Reduction	Goal	 to	 reduce	 food	 loss	 and	waste	 in	 the	United	
States	by	50	percent	by	2030,	aligning	with	the	United	Nations	Sustainable	De-
velopment	Goals.	To	meet	this	goal,	the	federal	government	will	work	within	and	
across	agencies	and	partner	with	communities,	organizations,	businesses,	and	
local	governments.	

The	 second	 is	 the	U.S.	 Food	 Loss	 and	Waste	 2030	Champions	 program	
by	which	 businesses	 and	 organizations	 can	make	 a	 public	 commitment	 to	 re-
duce	food	loss	and	waste	in	their	operations	by	50	percent	by	2030.	To	date,	25	
corporations	 have	made	 commitments,	 such	 as	 eliminating	 postharvest	 losses	
on	 farms,	 training	hotel	kitchen	staff	on	wasted	 food	reduction	 techniques,	and	
donating	excess	 food	at	 the	 retail	 level.	These	are	all	 voluntary	efforts	with	no	
formal	monitoring,	reporting,	or	evaluation.

In	 2018,	 USDA,	 EPA,	 and	 the	 U.S.	 Food	 and	 Drug	Administration	 jointly	
launched	the	Winning	on	Reducing	Food	Waste	Initiative	to	encourage	long-term	
reductions	in	food	loss	and	wasted	food	in	the	United	States	through	a	variety	of	
combined	and	agency-specific	actions,	 including	policy	discussions,	education,	
community	investment,	and	public–private	partnerships.	Since	its	formation,	the	
Initiative	has	announced	partnerships	with	ReFED,	a	nonprofit	organization,	and	
the	Food	Waste	Reduction	Alliance,	an	industry-led	group.	

The	Food	Date	Labeling	Act*	would	establish	a	uniform	national	date	label-
ing	system	on	food	products	to	clarify	the	meaning	of	date	labels	for	quality	and	
safety.	This	bipartisan	bill	proposes	to	give	food	manufacturers	a	choice	between	
two	labels:	“best	if	used	by,”	which	would	indicate	the	food’s	quality,	and	“use	by,”	
which	sets	a	date	 to	 throw	 it	out.	Those	 terms	are	already	being	embraced	by	
the	food	industry	as	part	of	a	voluntary	effort	to	streamline	its	labeling	system.

School	Food	Recovery	Act**	would	provide	funding	for	educational	programs,	
some	of	which	have	already	been	created	(see	Table	C-2).	Under	this	bipartisan	
bill,	 schools	 that	 participate	 in	 the	 federal	 assisted	 meal	 programs,	 National	
School	Lunch	Program,	or	the	School	Breakfast	Program	would	be	eligible	to	ap-
ply	for	grants	to	measure	food	waste,	educate	students,	provide	training,	purchase	
equipment,	and	other	projects.	

*See	https://www.congress.gov/bill/116th-congress/house-bill/3981/text.
**See	https://www.congress.gov/bill/116th-congress/house-bill/5607.

http://www.nap.edu/25876


A National Strategy to Reduce Food Waste at the Consumer Level

Copyright National Academy of Sciences. All rights reserved.

APPENDIX C 189

BOX C-2 
Selected State and Local Initiatives to Reduce Food Waste

The Washington State 2019 Food Waste Reduction Act 

Washington	State	has	committed	to	create	a	plan	that	will	recommend	actions	to	
achieve	a	50	percent	reduction	in	wasted	food	by	2030	in	the	state.	The	plan	is	
currently	being	written	with	stakeholder	input	by	the	Washington	State	Department	
of	Ecology.	A	report	from	the	Johns	Hopkins	Center	for	a	Livable	Future	used	an	
online	tool	developed	by	ReFED	and	 identified	74	wasted	food	reduction	plans	
in	the	United	States,	36	at	the	municipal	level,	18	at	the	county	level,	and	20	at	
the	state	level;	the	number	of	new	plans	in	the	United	States	and	worldwide	has	
markedly	increased	each	year	since	2000	(Gorski	et	al.,	2017).	Most	plans	in	this	
analysis	 did	 not	 include	an	evaluation	 component	 or	 did	 not	 have	data	on	 the	
types,	quantities,	and	sources	of	wasted	food.	Plans	varied	greatly,	with	most	fo-
cused	on	diversion	of	wasted	food	from	landfills	or	increasing	the	rate	of	recycling,	
primarily	in	the	form	of	composting;	few	targeted	prevention.	

Oregon’s Commitment to Reduce Wasted Food by 50 Percent by 2030 

The	Oregon	Department	of	Environmental	Quality	(DEQ)	conducted	the	Oregon	
Wasted	Food	Measurement	Study	to	track	and	identify	the	drivers	of	wasted	food.	
In	this	multiphase	study,	the	DEQ	surveyed	residents	about	food	habits,	including	
planning,	shopping,	preparing,	eating,	and	discarding	food.	Additionally,	they	esti-
mated	wasted	food	by	waste	sorts	of	curbside	trash	bins	and	kitchen	diaries.	They	
also	measured	the	impact	on	wasted	food	pre-	and	post-survey.	After	the	survey,	
a	slightly	larger	proportion	(63.6	percent)	thought	they	could	avoid	throwing	out	
“a	 little”	 of	 their	 food,	 as	 compared	 to	 pre-survey	 respondents	 (56.9	 percent)	
(McDermott	et	al.,	2018). 

Pay-as-you-Throw (PAYT) Program in Sandwich, Massachusetts

Beginning	 in	 2011,	Sandwich	 charges	 residents	 for	 trash	 bags	 and	 for	 access	
to	the	waste	transfer	stations.	All	trash	must	be	in	approved	bags,	which	can	be	
purchased	at	 local	stores,	and	brought	 to	 the	 transfer	station	 for	disposal.	The	
town	does	not	charge	for	recycling.	Before	the	implementation	of	PAYT,	residents	
were	charged	only	to	dispose	of	trash	at	the	transfer	station.	The	desired	outcome	
is	that	residents	will	be	encouraged	to	reduce,	re-use,	and	recycle	to	avoid	excess	
costs	of	trash	disposal.	During	the	first	6	months	of	implementaton,	the	town	found	
that	recycling	increased	and	solid	waste	decreased.	More	recent	data	have	not	
been	publicly	reported.
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Massachusetts Commercial Food Materials Disposal Ban 

As	part	of	its	initiative	to	divert	at	least	35	percent	of	all	wasted	food	from	disposal	
by	the	year	2020,	the	state	has	put	in	place	a	regulation	that	prohibits	businesses,	
universities,	hospitals,	and	other	 large	organizations	 from	disposing	of	1	 ton	or	
more	of	wasted	 food	per	week	 in	 the	 trash.	The	Massachusetts	Department	of	
Environmental	Protection	provides	guidance	on	compliance	and	encourages	com-
panies	 to	 investigate	options,	such	as	 food	donation,	composting,	or	anaerobic	
digestion.	Since	taking	effect	in	2014,	the	ban	has	created	jobs,	stimulated	growth	
in	the	state’s	organics	diversion	and	reuse	industry,	and	has	generated	millions	of	
dollars	in	state	and	local	tax	revenue	(ICF,	2016). 

BOX C-2 Continued

Specific examples of food waste reduction activites that are currently 
in use by various stakeholder groups are shown in Table C-3. For example, 
some food service operators have switched to trayless dining or smaller 
portion sizes. Food retailers are trying to reduce food waste by removing 
“buy one get one free offers” and technology companies are testing apps 
with reminders to eat purchased food before it expires.
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TABLE C-3 Examples of Ongoing Activities Targeted at Reducing Food 
Waste by Consumers 

Organization Type Reduction Activity

Food Service 
Company

•	 Reusable to-go food and beverage containers and trayless dining 
programs

•	 Trayless dining
•	 Sample tastes to reduce waste
•	 Educational and scholarship programs
•	 Menus developed with student involvement and wellness 

committee meetings
•	 Video campaign in store checkout lanes explaining ways to save 

money by reducing wasted food at home
•	 Trayless dining in all dining halls since 2009 reduced post-

consumer food waste by 30 percent
•	 Smaller portion sizes
•	 More meals made to order

Food Manufacturer •	 New technology (e.g., “easy-out” technology to decrease the 
amount of mayonnaise that sticks in the bottle)

•	 Development of different doughs that can be filled with leftover 
food

Food Retailer •	 Requests to suppliers to start converting to a “best if used by” 
date label terminology. As of February 2016, 92 percent of 
Walmart qualifying private brand products have adopted this new 
label, or have started to transition to its use

•	 Removal of multi-buy offers
•	 Stopped “buy one get one free” promotions on all fruit and 

vegetables
•	 Removed “best before” dates on fruit and vegetable lines

Innovator in Food 
Packaging and 
Technology

•	 Temperature sensitive, bioreactive food labels, which decay to 
show when a product is past its shelf life; used in stores and 
homes

•	 Smart kitchen app with reminders to eat purchased food before it 
expires, creates shopping lists, and keeps track of what is in the 
refrigerator

•	 Web-based advice on food perishability
•	 Smart refrigerator that helps manage groceries
•	 Foodkeeper app
•	 Self-adhesive food calendar labels that show at a glance when 

food was first opened, stored, or frozen

Nonprofit 
Organizations

•	 “Save the Food” public service campaign targeting moms and 
millennials; scalable to other consumer segments, regions, and 
time frames

•	 Love Food Hate Waste national consumer awareness campaign; 
online and print.

•	 Meal Prep Mate website to help consumers avoid over-purchasing 
and over-prepping food

continued
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Organization Type Reduction Activity

Federal, State, and 
Local Government 
Agencies

•	 Funding LeanPath software for businesses and institutions
•	 Wasted food education in schools
•	 Residential wasted food pilot programs
•	 Websites, media campaigns, and toolkits
•	 Waste audits
•	 Cookbook and smart food tips developed by partnerships among 

local governments, the U.S. Environmental Protection Agency and 
local restaurants and grocers

SOURCES: Data from U.S. Department of Agiculture Food Loss and Waste 2030 Champions; 
ReFED; Further with Food.
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Appendix D

Interventions to Reduce Food 
Waste at the Consumer Level: 
Examples from the Literature

This appendix presents examples of selected studies that the commit-
tee reviewed to assess the effectiveness of interventions to reduce 
food waste at the consumer level. To provide context for the exam-

ples, which are presented in boxes D-1 through D-13, the text from Chapter 
4 that summarizes each intervention type is repeated here. At the end of the 
examples, Table D-1 summarizes all of the intervention studies, grouped by 
one of two tier levels and setting. Tier 1 studies met four criteria: an inter-
vention was implemented; wasted food was measured; causal effect can be 
attributed; statistical analysis was adequate; tier 2 studies failed to meet at 
least one of the four criteria. The settings in the studies were universities, 
schools, restaurants, retail establishments, and households.

The studies in this appendix are organized by type of intervention, 
paralleling the structure in Chapter 4. Interventions were selected for de-
scription in the boxes based on their ability to inform understanding of the 
intervention type or to provide ideas for future research and interventions. 
Most studies include more than one intervention type, and in a few cases 
the committee opted to discuss a study twice, highlighting different aspects 
of it in separate examples. 

Table D-1 provides a comprehensive overview of the studies meeting 
our inclusion criteria, though not all of them are covered in the boxes; the 
table also includes a handful of modeling studies. Although they are based 
on assumptions and less on empirical data, modeling studies are useful in 
that they explore not only the effect of interventions on wasted food, but 
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also effects on other variables of interest. Therefore, they can be particu-
larly well designed to explore potential systems-level effects. Description of 
the literature search process can be found in Appendix B. 

The summary and conclusions from the committee’s review is presented 
in Chapter 4, which also presents the criteria that the committee used to 
assess the quality of the studies and to group by tier levels. 

APPEALS

Appeal interventions encourage consumers to change their behavior 
to achieve a social benefit. Explicit appeals, which request action directly, 
are distinct from implicit appeals, which do not make a request. Implicit 
appeals may be based on a presumption that the facts will tap into existing 
attitudes or values, or may serve as prompts to action by raising awareness. 
Explicit appeals build on those mechanisms, and also activate the human 
tendency to respond to requests, particularly when they align with values, 
when the requestor is valued, or when something is owed to the requestor 
(reciprocity). Twenty-five of the 64 studies reviewed by the committee 
included appeal interventions, including 13 which used explicit appeals 
(Box D-1), 3 which used implicit appeals (Box D-2), and 9 that used both 
and other intervention types (Box D-3). The largest number of interven-
tions presented signage or other messaging in food service venues, often in 
universities. Other interventions provided messages directly to study par-
ticipants, or engaged participants in creating messages; one pair of studies 
involved delivering messages to the general public. 

One tier 1 study (Ellison et al., 2019; United States) found a null effect 
for the appeal component, and one found an overall null intervention ef-
fect (Liz Martins et al., 2016; Portugal), but it was not possible to isolate 
the appeal component. All but three of the tier 2 studies found statisti-
cally significant impacts, with the magnitude of effect varying. A few tier 
2 studies involved comparing appeal interventions with other types, such 
as providing information (Collart and Interis, 2018, United States), and 
feedback (Whitehair et al., 2013, United States) with results favorable to 
appeal interventions. In at least a quarter of the studies it was not possible 
to disentangle the results of the appeal intervention from those of other 
interventions included in the study. Few studies looked at maintenance of 
impact across time.
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BOX D-1 
Explicit Appeals

No	 tier	1	study	 relied	solely	on	explicit	 appeals,	but	 they	were	a	 frequent	
ingredient	 in	studies	using	multiple	communication	approaches	jointly,	 including	
in	Ellison	et	al.	 (2019;	United	States),	a	 tier	1	study	 in	which	posters	at	dining	
hall	entrances	and	in	serving	areas	urged	students	to	reduce	plate	waste	in	the	
one	 of	 the	 university’s	 all-you-care-to-eat	 buffets.	Although	 this	 study	 involves	
an	intervention	that	includes	information	about	the	social	implications	of	wasted	
food	that	might	be	expected	to	engender	feelings	of	guilt	or	shame	and	therefore	
a	reduction	in	food	waste,	no	effect	size	was	reported.	A	question	remains	about	
whether	other	elements	of	the	intervention,	including	information	that	wasted	food	
is	used	to	create	energy,	could	induce	licensing*	by	patrons,	countering	any	feel-
ings	of	guilt	and	resulting	in	no	significant	food	waste	reduction.

Whitehair	 et	 al.	 (2013,	 tier	 2,	United	States)	 compared	a	direct	 appeal	 to	
avoid	wasting	food	with	one	that	was	supplemented	with	 feedback	(e.g.,	waste	
statistics	tailored	to	the	campus).	These	appeals	were	communicated	via	posters	
near	ordering	points	and	eating	areas	 in	a	university	cafeteria	 featuring	an	all-
you-care-to-eat	buffet.	They	found	that	 the	appeal	alone	was	associated	with	a	
15	percent	reduction	in	waste	and	that	the	feedback	intervention	did	not	increase	
the	effect.

Another	set	of	explicit	appeals	requested	diners	to	reduce	portions	or	take	
less	food.	Such	 interventions	need	to	provide	sufficient	motivation	to	overcome	
any	negative	feelings	triggered	by	a	sense	of	scarcity,	and	accordingly,	many	of	
the	studied	interventions	supplemented	the	calls	for	action	with	other	motivational	
strategies.	Two	tier	2	interventions	had	contrasting	effects.	Kuo	and	Shih	(2016)	
presented	 information	 in	 a	 Taiwanese	 campus	 restaurant	 encouraging	 diners	
to	avoid	overeating	and	avoid	wasting	 food,	which	resulted	 in	only	a	1	percent	
reduction	 in	 plate	waste.	 In	 contrast,	 in	 a	Portugal	 university	 canteen,	 using	 a	
similar	strategy,	Pinto	et	al.	 (2018)	observed	a	significant	15	percent	 reduction	
in	their	waste	consumption	index.	Kallbekken	and	Saelen	(2013,	tier	1,	Norway)	
went	 further,	 testing	an	 intervention	explicitly	designed	 to	override	 the	potential	
scarcity	associations	of	portion	reduction	by	posting	a	sign	encouraging	patrons	
to	take	multiple	trips	to	a	buffet	rather	than	taking	a	large	amount	at	once.	They	
found	a	20	percent	reduction	in	waste	compared	to	control	locations,	suggesting	
the	potential	benefit	of	such	an	approach.

While	 most	 appeals	 targeted	 pre-identified	 values,	 Graham-Rowe	 et	 al.	
(2019,	tier	2,	United	Kingdom)	tapped	into	the	values	subjects	identified	as	most	
important	to	them	personally.	The	authors	asked	subjects	to	identify	these	values	
(“self-affirmation”	treatment),	and	to	both	identify	these	values	and	indicate	how	
they	 had	 previously	 demonstrated	 them	 (“integrated	 self-affirmation”	 interven-
tion).	They	also	provided	subjects	with	information	about	the	negative	effects	of	
wasting	food	and	tips	for	waste	reduction.	This	self-affirmation	intervention	was	
associated	with	a	significant	reduction	in	self-reported	discards,	potentially	driven	
by	reminding	consumers	of	themselves	as	ethical	actors,	though	the	integrated	
self-affirmation	intervention	yielded	no	significant	reduction.	
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Another	 explicit	 appeal	 type	 involved	 mobilizing	 guilt	 and	 shame.	 Jagau	
and	Vyrastekova	(2017,	The	Netherlands,	tier	2)	used	prospect	theory	to	design	
an	 intervention	 in	which	waste	would	be	associated	with	guilt	and	shame,	and	
thus	a	sense	of	loss.	Specifically,	they	compared	a	poster	asking	patrons	to	take	
smaller	portions	at	the	buffet	if	less	hungry	in	order	to	reduce	waste	(a	call	to	ac-
tion	intervention)	against	a	poster	with	a	red	sad	face	linked	to	a	picture	of	wasted	
food.	While	the	impact	was	small,	they	found	that	about	twice	as	many	consumers	
accepted	smaller	portions	during	the	intervention	period,	despite	paying	the	same	
price.	They	did	not	assess	whether	these	smaller	portions	affected	waste	levels.	

*A	licensing	effect	occurs	when	a	prior	normatively	desirable	behavior	boosts	people’s	self-
concepts,	thus	reducing	negative	self-attributions	associated	with	subsequent	behaviors	that	
may	not	align	with	norms	(Khan	and	Dhar,	2006).

BOX D-1 Continued

BOX D-2 
Implicit Appeals 

Multiple	 implicit	appeals	used	presentation	of	 facts	 regarding	negative	 im-
pacts	of	wasted	food	to	advance	motivation	to	avoid	waste.	For	example,	when	Qi	
and	Roe	(2017,	tier	1,	United	States)	provided	diners	with	information	about	the	
social	 impacts	of	wasted	food	prior	 to	ordering	their	meals	(e.g.,	environmental	
damages	and	reductions	in	food	security),	diners	wasted	77	percent	less	food	in	
their	 subsequent	meals	 compared	with	 diners	who	 received	 information	 about	
financial	 literacy.	 Longer	 term	 impacts	were	 not	 assessed.	One	potential	 unin-
tentional	effect	of	one	of	the	elements	of	this	intervention	was	noted	in	the	form	
of	licensing	(see	footnote	in	Box	D-1).	Although	after	receiving	information	about	
the	social	implications	of	wasted	food	the	amount	of	waste	declined	significantly,	
the	waste	reduction	was	significantly	less	(only	28	percent)	for	those	patrons	who	
also	received	information	that	wasted	food	would	be	composted.	This	suggests	
that	in	this	context	the	introduction	of	composting	services	may	evoke	licensing	
on	the	part	of	patrons,	creating	justification	for	discarding	food.

Other	 interventions	 skip	 the	 negative	 frame	 and	 simply	 seek	 to	 motivate	
change	based	on	awareness	of	waste	or	quantities	wasted;	these	are	based	on	
a	presumption	that	consumers	implicitly	dislike	waste	and	will	want	to	reduce	it	
when	they	know	about	 it.	For	example,	Stockli	et	al.	 (2018,	 tier	2,	Switzerland)	
invoked	preexisting	consumer	attitudes	toward	waste	by	presenting	table	placards	
in	a	pizza	parlor	highlighting	the	quantity	of	waste	in	restaurants.	The	cards	asked	
patrons	to	request	boxes	for	 leftovers,	resulting	in	more	than	a	doubling	of	box	
requests	compared	to	the	control	condition	(55	percent	vs.	25	percent).	There	was	
no	measurement	of	how	much	of	the	pizza	was	then	wasted	at	home.
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ENGAGEMENT

Engagement interventions change psychological processes by engaging 
the consumer in, for example, setting goals, establishing implementation 
intentions, making a commitment, or increasing mindfulness toward the 
target behavior. Some examples of interventions are in Box D-4. Twelve 
studies (six in tier 1) feature such interventions, which are often multifac-
eted, operating through multiple drivers. Thus, the results of this type of 
intervention may be manifested in a variety of ways. These interventions 
have a mixed record in delivering significant reductions in food waste, 
which makes it difficult to provide a summary evaluation. For example, 
engagement interventions delivered in the home included diverse mecha-
nisms: systematic engaging individuals to reconsider household food rou-
tines (Devaney and Davies 2017, tier 2, Ireland); providing tools to support 
changes in meal planning or preparation (Romani et al., 2018, tier 1, Italy); 

BOX D-3 
Appeals (and Other Approaches) to Motivate 

Purchase of Suboptimal Products

Five	tier	2	studies	in	the	committee’s	review	tested	approaches	to	convinc-
ing	consumers	 to	purchase	products	 that	might	not	otherwise	be	sold,	such	as	
so-called	 “ugly	 fruits	and	vegetables”	or	 items	close	 to	expiration	dates.	These	
interventions	 mobilize	 consumers	 to	 prevent	 waste	 earlier	 in	 the	 food	 chain,	
rather	than	reducing	waste	at	the	consumption	level.	Consumer	barriers	to	such	
purchases	 include	 perceptions	 of	 quality	 and	 questions	 regarding	 likelihood	 of	
consuming	them	at	home	before	spoilage.	The	reviewed	studies	commonly	com-
bined	explicit	and	implicit	appeals	with	other	intervention	approaches	in	order	to	
address	these	barriers,	including	financial	interventions,	information,	and	nudges,	
such	as	conveying	credence	values	(e.g.,	authenticity)	to	the	foods.	

The	 findings	were	mixed.	 Results	 within	 studies	 varied	 by	 food	 type	 and	
demographics.	Two	studies	 found	 that	altruistic	messages	 framed	around	sus-
tainability	or	food	waste	were	more	effective	in	increasing	purchasing	than	those	
framed	around	price	(and,	 in	one	case,	 taste)	 (Aschemann-Witzell	et	al.,	2018,	
Uruguay;	 Rohm	 et	 al.,	 2017,	 Norway),	 while	 one	 of	 them	 found	 that	 altruistic	
messages	were	equally	as	effective	as	communicating	about	price	and	organic	
production	(Aschemann-Witzell,	2018,	Denmark).	A	third	study,	Collart	and	Interis	
(2018,	United	States),	 found	that	providing	 information	about	 the	waste	of	 food	
and	its	environmental	implications	increased	consumer	willingness	to	pay	for	food	
past	its	“best	before”	date,	while	clarification	of	the	label	meaning	alone	did	not.	
The	last	study	in	this	group	(van	Giesen	and	de	Hooge,	2019)	found	that	while	the	
sustainability	frame	was	effective,	even	more	impactful	among	Dutch	and	Italian	
consumers	was	framing	suboptimal	appearance	as	a	sign	of	“authenticity”	(e.g.,	
a	sign	stating,	“Directly	from	the	tree:	apples	with	natural	shapes!”).	
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and using gamification to accelerate and deepen learning about wasted food 
(Soma et al., 2020, tier 1, Canada). Several food service interventions were 
also comprehensive, involving both food service personnel and patrons 
(Strotmann et al., 2017, tier 2, Germany) or both food service personnel 
and student customers (Prescott et al., 2019, tier 1, United States). 

The results of these studies suggest that interventions aimed at repro-
gramming base processes that drive food waste hold promise, but the lack 
of consistent reductions implies that formulating the multiple elements 
common to this approach may be difficult. Furthermore, the complex and 
multifaceted nature of these interventions impedes assessment of which 
individual strategy or subset of strategies drives efficacy. 

SOCIAL COMPARISON

Social comparison interventions operate on principles of social influ-
ence. Some examples of interventions are in Box D-5. Twelve studies, all tier 
2, included such interventions. The interventions studied were diverse, fo-
cusing on social desirability, public commitment, social media communica-
tions, communication of social norms, food sharing, and such situations as 
workshops in which a peer group might influence behavior. The authors of 
only three of these studies provide quantitative results that make it possible 
to distinguish the effects of the social comparison intervention from those 
of other interventions in the study. Two of these three focused on restaurant 
leftovers. Stockli and colleagues (2018, Switzerland) and Hamerman and 
colleagues (2018, United States) found that messages designed to invoke 
social norms (i.e., saying a majority of patrons request to take food home) 
were not more effective than informative messages. Hamerman and col-
leagues (2018) found that study participants were significantly more likely 
to request to take home leftovers when they envisioned dining with friends 
versus dining with someone they wanted to impress. Five of the studies used 
qualitative or mixed methods approaches, with all but one suggesting that 
social comparison was beneficial in preventing waste. Findings from Lazell 
(2016, United Kingdom) echo those from Hamerman et al. (2018 United 
States) suggesting that the effectiveness of social comparison interventions 
can depend on participants’ views about what behavior is normative, and 
about the social groups with which they are comparing themselves. 

Overall, the evidence regarding social comparison interventions is in-
conclusive, and the research suggests a need for nuanced intervention 
development and careful selection of social groups for comparison and 
messaging. 
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BOX D-4 
Engagement

Liz	Martins	et	al.	(2016,	tier	1,	Portugal)	engaged	students	in	one	elementary	
school	and	teachers	at	a	matched	elementary	school.	For	the	students,	the	inter-
vention	included	engagement	in	menu	planning	and	creating	posters,	in	addition	
to	an	 informational	educational	 intervention	and	 rewards	 (stickers)	 for	students	
who	did	not	waste	food	on	a	designated	day.	For	teachers,	the	engagement	oc-
curred	 through	 a	 discussion	 session	 on	 causes	 and	 encouragement	 to	model	
behavior,	in	addition	to	building	motivation	through	social	comparison	(providing	
the	school’s	waste	statistics)	and	providing	 informational	flyers	 to	 the	 teachers.	
The	interventions	overall	had	mixed	results,	with	reductions	in	discards	ranging	
from	0	to	40	percent,	and	with	some	reaching	statistical	significance.	While	it	is	
not	possible	to	disentangle	the	effects	of	engagement	from	the	other	approaches	
included,	 the	 study	 does	 suggest	 an	 approach	 meriting	 further	 research	 and	
highlights	the	importance	of	partnering	with	schools	to	introduce	interventions.

Prescott	 et	 al.	 (2019,	 tier	 1,	 United	 States),	 used	 social	 interactions	 and	
shared	values	to	promote	waste	reduction	as	part	of	a	community-based	research	
approach	that	engaged	multiple	partners,	 including	the	participating	school	dis-
trict.	 Specifically,	 the	 multifaceted	 intervention	 included	 sixth-grade	 curriculum	
that	leveraged	student	interactions	through	group	projects	and	voting	on	student-
developed	project	posters	designed	to	nurture	shared	values,	including	the	reduc-
tion	of	wasted	food.	The	intervention,	which	also	included	personalized	and	group	
feedback	 (students	estimating	 their	own	waste	during	school	 lunches	and	 their	
classrooms’	aggregate	waste),	 led	 to	a	significant	 reduction	 in	salad	bar	waste	
compared	with	the	control	group.	

Soma	et	al.	(2020,	tier	1,	Canada)	implemented	a	multiarm	randomized	con-
trol	trial	in	which	each	arm	takes	a	different	approach	to	providing	information	to	
respondents	about	the	importance	of	reducing	waste	and	how	to	reduce	wasted	
food.	One	arm	featured	a	relatively	passive	provision	of	information,	including	a	
booklet	on	enrollment,	 refrigerator	magnets	prompting	participants	 to	 follow	the	
waste-minimizing	storage	advice	printed	on	the	magnet,	and	regular	informational	
emails	to	participants.	Participants	in	another	arm	received	all	this	information	and	
were	also	invited	to	participate	in	a	sequence	of	community-based	workshops	on	
reducing	wasted	food.	A	third	arm,	involving	gamification,	featured	all	the	informa-
tion	 from	the	first	arm	but	engaged	participants	 in	 learning	 the	 information	with	
online	quizzes	where	correct	 responses	were	 rewarded	with	points	and	prizes.	
Waste	audits	revealed	a	marginally	significant	improvement	among	households	in	
the	gamification	arm	compared	with	a	control	group	after	the	intervention,	but	no	
significant	differences	among	the	other	two	arms.	Analyses	found	that	few	partici-
pants	attended	the	community	workshops	and	that	participants	in	the	gamification	
arm	who	engaged	in	the	online	quizzes	reduced	waste	the	most.	
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FEEDBACK

Feedback interventions shape targeted behaviors by providing informa-
tion that reinforces or corrects those behaviors. Some examples of interven-
tions are in Box D-6. Seven of the studies reviewed (three tier 1) featured 
feedback interventions, largely as part of multifaceted interventions imple-
mented in food service settings. Thus, it was difficult to identify the inde-
pendent impact of the feedback strategies. A common strategy was to offer 
cafeteria patrons feedback concerning the average waste created by other 

BOX D-5 
Social Comparisons

Stockli	et	al.	(2018,	tier	2,	Switzerland)	designed	a	controlled	study	at	a	pizza	
parlor	to	explore	the	circumstances	that	would	encourage	customers	to	request	
a	leftover	bag.	This	study	found	that	messages	designed	to	invoke	social	norms	
(i.e.,	 saying	 a	majority	 of	 patrons	 request	 a	 leftover	 bag)	 did	 not	 increase	 the	
requests	 for	 leftover	bags	over	 informative	appeal	messages.	 (Note,	 this	study	
is	also	described	in	the	Appeals	section,	above).	In	Hamerman	et	al.	(2018,	tier	
2,	United	States),	customers	were	asked	to	envision	dining	in	a	restaurant	with	
others	and	consider	taking	leftover	food	home.	This	study	found	that	participants	
were	significantly	more	likely	to	request	to	take	home	leftovers	when	envisioning	
dining	with	friends	versus	dining	with	someone	they	wanted	to	impress.

Schmidt	(2016,	tier	2,	Germany)	leveraged	goal	setting	with	a	public	commit-
ment.	In	this	study,	participants	were	randomly	assigned	to	food	waste	prevention	
behaviors	 based	 on	 self-reported	 actions	 or	 assigned	 to	 a	 control	 group.	 The	
treatment	group	was	asked	 to	set	goals	and	commit	publicly	 to	performing	 the	
assigned	actions.	All	 participants	self-reported	adherence	about	4	weeks	 later:	
the	 experimental	 group	 reported	 a	 significant	 improvement	 in	 target	 behaviors	
versus	the	control	group.	However,	attrition	was	high;	only	43	of	108	experimental	
participants	took	the	follow-up	test

Several	 other	 tier	 2	 studies	explored	 technology-enabled	 tools	 that	 linked	
small	 groups	 of	 people	 in	 order	 to	 reduce	 wasted	 food.	 Comber	 and	 Thieme	
(2013,	United	Kingdom)	deployed	web-linked	cameras	in	study	participants’	waste	
bins	(bin	cams),	which	provided	feedback	to	the	participant	and	to	linked	groups	
of	 individuals	 on	 the	 amount	 of	waste	 generated.	The	 technology	 operates	 on	
behavioral	drivers,	 including	enhanced	feedback	about	waste	and	group	norms	
and	accountability	concerning	waste.	The	authors	concluded	that	the	technology	
provided	social	pressure	that	induced	participant	shame	when	food	was	wasted,	
which	could	yield	an	effective	internal	motivation	for	change.	Sintov	et	al.	(2017,	
tier	2,	United	States)	found	no	change	in	self-reported	food	waste	reduction	be-
haviors	among	households	randomly	assigned	to	part	of	an	in-home	composting	
intervention	undertaken	in	cooperation	with	the	local	sanitary	district,	where	they	
also	received	weekly	messages	about	the	level	of	food	waste	separation	in	their	
community.	These	 results	suggest	 that	promotion	of	 food	composting	does	not	
necessarily	result	in	greater	waste	of	food.
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patrons, although studies using such strategies as part of a multifaceted 
intervention revealed little success. Personalized feedback, often generated 
for elementary and middle school students in cafeteria settings as part of a 
multifaceted intervention, showed some statistically significant effects (e.g., 
Liz Martins et al., 2016, tier 1, Portugal; Prescott et al., 2019, tier 1, United 
States). Feedback delivered among different food service worker stations 
within a large hospital facility showed promise as part of a multifaceted 
intervention that significantly reduced waste (Strotmann et al., 2017, tier 
2, Germany). And a qualitative assessment of the use of home cameras to 
track waste suggests that such approaches could stimulate waste reduction 
by invoking feelings of shame (Comber and Thieme, 2013, tier 2, United 
States). Overall, feedback interventions have a mixed record, with weaker 
effects when feedback is not individualized. 

FINANCIAL INCENTIVES

Interventions providing financial incentives alter the monetary con-
sequences of behaviors that can influence the amount of food consumers 
waste. One tier 1 study in South Korea found that financial penalties that 
increase with amount of wasted food generated at the household level 
are more effective at reducing the amount of wasted food than financial 
penalties tied to community level waste amounts (Lee and Jung, 2017). 
It has been well documented that overall household waste disposal (food 
plus nonfood waste) declines when households are forced to pay more for 
additional amounts of waste (Bel and Gradus, 2016). Nine studies (all tier 
2) featured financial interventions. Some examples are in Box D-7. Most 
involved comparing the effects of retail price reductions with those of other 
approaches used to encourage consumers to purchase suboptimal (ugly or 
expired) food that might otherwise be wasted. These studies yielded statisti-
cally significant evidence that price reductions can increase purchase inten-
tions. However, alternative motivational approaches, such as highlighting 

BOX D-6 
Feedback

The	 feedback	 interventions	we	 reviewed	 all	 combined	 this	 approach	with	
other	strategies,	and	thus	it	was	not	possible	to	identify	the	distinct	effects	from	the	
feedback.	Feedback	interventions	are	featured	in	the	textboxes	as	part	of	other	
intervention	types	(see	e.g.,	Comber	and	Thieme,	2013	under	social	comparisons;	
Ellison	et	al.,	2019	under	appeals;	Liz-Martins	et	al.,	2016	under	engagement;	
Prescott	et	al.,	2019	under	engagement;	Whitehair	et	al.,	2013	under	appeals).

http://www.nap.edu/25876


A National Strategy to Reduce Food Waste at the Consumer Level

Copyright National Academy of Sciences. All rights reserved.

204 NATIONAL STRATEGY TO REDUCE FOOD WASTE

BOX D-7 
Financial Incentives

Discard Penalties

Two	tier	2	studies	assessed	impacts	of	assigning	financial	penalties	for	dis-
carding	food	in	buffet	restaurants,	and	they	showed	differing	results.	In	the	United	
States,	Chen	and	Jai	(2018)	used	an	online	survey	featuring	a	hypothetical	buffet	
setting	to	compare	the	impact	of	messages	in	which	consumers	were	threatened	
with	a	penalty	 for	 leaving	excess	 food	with	altruistic	messages	 themed	around	
environment.	They	found	that	neither	message	influenced	behavioral	intentions,	
though	the	environmentally	focused	message	was	associated	with	greater	positive	
attitudes	toward	preventing	waste.	By	contrast,	Kuo	and	Shih	(2016),	using	table	
tent	messages	stating	that	a	fine	would	be	imposed	on	patrons	who	discarded	too	
much	food,	induced	a	sizable	reduction	in	waste	in	a	university	canteen	in	Taiwan,	
though	a	message	simply	encouraging	less	waste	had	little	effect.	

Retail Marketing Schemes

Retail	marketing	schemes,	such	as	“buy	one,	get	one	free,”	nudge	consum-
ers	toward	excess	purchasing,	due	to	the	desire	to	get	a	good	deal.	LeBorgne	et	
al.	(2018,	tier	2,	France)	sought	to	understand	consumer	responses	to	alternate	
promotion	schemes	that	spread	out	the	benefit	so	that	perishable	food	(cheese,	
bread)	might	be	less	likely	to	be	wasted.	In	this	online	survey	of	French	consum-
ers,	consumers	perceived	that	discounts	giving	multiple	units	of	a	perishable	good	
(e.g.,	buy	two,	get	one	for	free),	would	lead	them	to	waste	more	than	otherwise.	
An	 alternative	 discount	 approach	 in	 which	 they	 could	 get	 the	 additional	 items	
a	week	 later	avoided	 the	consumer	concerns	about	 increased	waste.	 In	open-
ended	responses,	most	participants	were	skeptical	about	retailers’	and	their	own	
follow-through	on	the	“free	next	week”	scheme.	Promotions	perceived	to	increase	
waste	were	significantly	less	attractive	to	participants.	Future	studies	could	include	
components	to	provide	reassurance	and	to	compensate	for	the	delay	in	benefit.	A	
similar	finding	comes	from	another	survey	where	participants	were	asked	about	
purchasing	preferences	at	a	hypothetical	retailer	(Petit	et	al.,	2019,	tier	2,	United	
States).	The	study	found	that	package	size	affected	the	anticipated	food	waste	for	
perishable	products	among	consumers,	which	was	found	to	mediate	purchasing	
intentions.	The	study	also	found	that	priming	individuals	with	information	about	the	
consequences	of	food	waste	reduced	their	preferences	for	bonus	packs.	
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the environmental consequences of food waste, often yielded changes simi-
lar to those seen in purchase intentions or enhanced the effectiveness of 
price discounts. 

Two studies focused on quantity (e.g., large pack or multipack) (Le 
Borgne et al., 2018, tier 2, France; Petit et al., 2019, tier 2, United States). 
These studies showed that giving consumers information about how such 
deals can translate to greater waste had less effect on purchase intentions 
relative to simply lowering unit costs for certain foods. Two studies in 
food service settings showed mixed results when comparing the efficacy of 
imposing fines for excessive plate waste with that of emphasizing environ-
mental benefits to reduce plate waste (Chen and Jai, 2018, tier 2, United 
States; Kuo and Shih, 2016, tier 2, Taiwan). 

Overall, financial incentives are a promising way to discourage be-
haviors that are precursors to food waste and to increase motivation for 
overall home waste reduction. However, linking financial incentives to de-
cision points specific to wasting food may prove difficult, and establishing 
efficacy and implementation feasibility will require considerable additional 
research.

NUDGES

Nudge interventions alter the choice architecture faced by consumers in 
a manner designed to encourage targeted behaviors without engaging con-
scious (reflective) decision making (see Chapter 1). The committee reviewed 
24 studies (four tier 1) that involved such interventions, most of which ad-
dressed food service settings. The nudge interventions studied operated by 
means of diverse mechanisms, including shifting perceived quantity, altering 
appeal, or changing the default/easiest action. The interventions assessed in 
about 40 percent of the studies focused on shifting consumers’ perceptions 
of quantity through changes to portion size, package size, plate size, or tray 
availability (see examples in Box D-8). Most of the studies found significant 
reductions in waste attributable to quantity manipulations, although only 
two such studies were tier 1. Three studies in the United States (Kim and 
Morawski, 2013, tier 1; Sarjahani et al., 2009, tier 2; Thiagarajah and 
Getty, 2013, tier 2) focused on removal of cafeteria trays, which limits 
quantity by making it more difficult for patrons in buffet settings to carry 
multiple plates. All three of these studies (plus several non-peer-reviewed) 
found significant reductions in plate waste. In contrast, one recent non-peer-
reviewed literature study (Cardwell et al., 2019) found no effect.  

http://www.nap.edu/25876


A National Strategy to Reduce Food Waste at the Consumer Level

Copyright National Academy of Sciences. All rights reserved.

206 NATIONAL STRATEGY TO REDUCE FOOD WASTE

BOX D-8 
Nudges that Shift the amounts of food served

The	behavioral	economics	literature	suggests	that	regardless	of	serving	size,	
consumers	may	anchor	their	consumption	to	particular	percentages	of	the	amount	
served	(Wansink	and	van	Ittersum,	2013).	

Portion Size

Three	tier	2	studies	of	portion	size	are	notable	both	because	of	confirmatory	
findings	regarding	the	effect	of	portion	sizes	and	because	of	further	exploration	
of	the	acceptability	of	such	interventions.	Berkowitz	et	al.	(2016,	United	States)	
examined	the	effects	of	offering	reduced	portion	sizes	in	both	a	worksite	cafeteria	
and	an	upscale	restaurant.	While	they	found	relatively	low	frequency	of	selecting	
the	reduced	portion	sizes	(10-26	percent),	plate	waste	was	reduced	by	41	per-
cent	per	plate	on	average	during	the	intervention,	while	food	intake	was	reduced,	
and	establishments	saved	money.	Two	other	studies	collaborated	with	university	
dining	facilities	to	change	portion	sizes	of	French	fries.	Freedman	and	Brochado	
(2010,	United	States)	engineered	a	sequential	weekly	decrease	in	portion	size,	up	
to	a	50	percent	reduction.	They	found	a	dose–response	reduction	in	both	waste	
and	consumption,	with	waste	dropping	by	30	percent	from	the	largest	to	smallest	
portion	size	and	with	70	percent	of	diners	not	noticing	a	change.	Vermote	et	al.	
(2018,	Belgium)	reduced	French	fries	portions	by	20	percent	and	served	portions	
in	small	paper	bags	instead	of	porcelain	bowls.	They	observed	a	66	percent	re-
duction	in	plate	waste	and	a	9	percent	reduction	in	consumption.	Most	students	
noticed	the	reduction	and	said	the	new	portion	size	was	adequate;	however,	only	
a	third	said	they	were	open	to	a	permanent	shift.

Package Size and Promotions

A	related	type	of	nudge	strategy	to	shift	consumer	opportunities	to	address	
the	waste	of	food	is	changing	the	amount	of	food	purchased	at	once	in	retail	set-
tings,	via	package	size	and	promotional	approaches.	Two	studies	suggest	 that	
when	consumers	perceived	a	higher	 likelihood	that	a	purchased	product	would	
be	wasted,	they	were	less	willing	to	purchase	it.	

Petit	et	al.	(2019,	United	States)	assessed	the	impact	of	package	size	on	the	
waste	of	food	through	three	studies.	The	findings	suggest	that	dislike	of	wasting	
food	may	 create	willingness	 to	 avoid	 larger	 packages	 and	 related	 promotional	
offers.	The	authors	found,	first,	that	with	larger	package	sizes,	consumers	antici-
pated	greater	waste	of	products	(described	as	near	their	expiration	dates),	and	
this	anticipated	waste	played	a	mediating	role	in	intention	to	purchase.	They	fur-
ther	found	that	when	consumers	were	asked	to	read	information	about	food	waste,	
the	effect	was	increased,	leading	to	reduced	interest	in	buying	a	larger	package,	
even	at	half	price.	Lastly,	their	work	suggests	that	estimation	of	food	quantity	is	
improved	when	food	is	partitioned	into	portions.	This	finding	suggests	that	con-
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sumers	fearing	they	may	waste	excess	food	might	be	 less	 likely	 to	purchase	a	
multipack	than	a	large	package	with	the	same	amount	of	food	in	it—despite	the	
fact	that	packaging	the	items	separately	might	extend	shelf	life	and	prevent	waste.	
Further	research	is	needed	to	add	depth	to	understanding	of	ways	to	shift	mental	
imagery	in	packaging	for	waste	reduction.

Plate Size

Plate	size	studies	are	premised	on	the	idea	that	the	size	of	a	plate	both	com-
municates	a	social	norm	and	affects	perceptions	of	food	quantity;	this	environmen-
tal	cue	would	thus	shift	the	opportunity	to	reduce	waste.	For	example,	Kallbekken	
and	Saelen	(2013,	tier	1)	collaborated	with	a	hotel	chain	to	experimentally	reduce	
plate	size	in	seven	Norwegian	hotel	breakfast	buffets	and	compared	the	amount	
of	waste	to	buffets	in	38	control	hotels.	This	difference-in-difference	study	found	
about	a	20	percent	reduction	in	plate	waste	based	on	plate	size	reductions.	Sup-
porting	evidence	 for	 the	effect	 of	 plate	 size	on	wasted	 food	 comes	 from	 tier	 2	
studies,	including	Wansink	and	van	Ittersum	(2013,	United	States)	who	reported	
several	linked	studies	exploring	different	aspects	of	the	relationship	between	plate	
size	and	food	waste.	

Tray Removal

Two	studies	explored	a	 related	concept	aimed	at	 changing	environmental	
opportunity	 factors,	 specifically,	 collaborating	with	 cafeterias	 to	 remove	serving	
trays.	 Tray	 removal	 studies	 rely	 on	 the	 idea	 that	 when	 consumers	 are	 forced	
to	select	only	what	 they	can	carry,	 they	will	 take	 less	 food.	 In	a	sample	of	360	
diners	in	one	cafeteria,	Kim	and	Morawski	(2013,	tier	1,	United	States)	found	a	
significant	32	percent	reduction	in	plate	waste	for	both	lunch	and	dinner.	Another	
study	(Thiagarajah	and	Getty,	2013,	tier	2,	United	States)	yielded	less	dramatic	
findings:	an	18	percent	 reduction	 in	solid	waste	and	a	nonsignificant	 reduction	
in	liquid	waste.	One	non-peer-reviewed	study	conducted	by	a	large	food	service	
provider	(ARAMARK,	2008,	United	States)	measured	plate	waste	from	more	than	
186,000	meals	at	25	academic	institutions	during	periods	before	and	after	trays	
were	removed:	the	study	found	a	25	percent	to	30	percent	reduction	in	per-person	
waste	on	trayless	days.	

Importantly,	however,	a	different	study	(non-peer-reviewed)	by	another	large	
food	service	provider	(Cardwell	et	al.,	2019,	United	States)	assessed	the	correla-
tion	between	plate	waste	and	 tray	availability	at	11	different	all-you-care-to-eat	
food	service	entities	in	the	United	States	and	found	no	statistically	significant	cor-
relation.	However,	unlike	the	other	tray	availability	studies	discussed,	this	study	
did	not	assess	interventions,	but	rather	identified	patterns	across	different	entities	
with	differences	in	tray	availability.	The	lack	of	an	intervention	frustrates	a	clear	
causal	 interpretation	 and	 could	 imply	 several	 possible	 diverse	 interpretations.	
One	 possible	 interpretation	 is	 reverse	 causality:	 for	 example,	 locations	 where	
smaller	meals	and	less	waste	are	generated	were	more	willing	to	remove	trays.	
Another	possible	 interpretation	 is	acclimation:	 for	example,	patrons	at	 locations	
where	 trays	were	 removed	acclimated	 to	 the	absence	of	 trays	and	 improvised	
methods	 to	acquire	 traditionally	 sized	meals	 that	 led	 to	waste	amounts	 similar	
to	 locations	 with	 trays.	 The	 latter	 interpretation	 highlights	 the	 critical	 need	 for	
longitudinal	research.
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Another 40 percent of studies involved altering the appeal of food with 
the intent of decreasing waste by encouraging increased consumption. Sev-
eral tier 2 studies enhanced appeal directly by improving meal quality or 
better matching meal components to patron preferences. Box D-9 provides 
examples of those studies, the majority of which showed a significant reduc-
tion in waste for these interventions. 

BOX D-9 
Nudges that Shift Food Quality

Several	interventions,	all	tier	2,	altered	food	environments	and	provisioning	
with	the	aim	of	making	food	higher	quality	or	more	appealing.	Their	purpose	was	
commonly	 to	change	quality	 (e.g.,	nutrition	or	 taste)	 rather	 than	 reduce	waste;	
however,	because	they	used	plate	waste	as	an	 indicator	of	amount	consumed,	
they	can	shed	light	on	how	such	“food	quality”	interventions	might	alter	discarding.	
In	institutional	settings,	such	as	K–12	schools	and	hospitals,	food	quality	is	often	
criticized,	choices	are	often	few,	and	consumers	often	do	not	directly	experience	
the	cost	of	their	food.			

In	the	only	nonschool	study	in	this	group,	Kuperberg	et	al.	(2008,	Canada)	
performed	a	pilot	study	in	collaboration	with	a	pediatric	hospital	aimed	at	better	
aligning	 food	options	with	patient	 preferences.	They	 found	 that	 improving	 food	
quality	and	selection	and	reducing	lag	time	from	order	to	delivery	were	associated	
with	an	approximate	halving	of	waste.	Satisfaction,	nutritional	 intake,	and	costs	
also	improved,	though	staffing	changes	would	be	needed	for	full	implementation,	
which	would	increase	program	costs.

Cohen	et	al.	(2012,	United	States)	collaborated	with	local	schools	to	evalu-
ate	the	effects	of	chef-provided	training	for	school	cafeteria	staff	to	increase	lunch	
healthfulness	and	palatability.	 In	 this	study,	post-intervention	plate	waste	 in	 two	
participating	middle	schools	was	compared	against	plate	waste	in	matched	con-
trols,	finding	a	significant	difference	in	the	percent	wasted	for	carbohydrate-based	
side	dishes,	but	no	significant	percentage	difference	in	the	plate	waste	of	entrées.	
Students	in	intervention	schools	did	eat	more	healthfully,	increasing	consumption	
of	vegetables	and	acceptance	of	whole	grains.	Because	intervention	participants	
were	not	randomly	selected	and	because	no	pre-intervention	data	were	collected,	
the	 committee	has	 less	 confidence	 in	assigning	 the	observed	differences	as	a	
causal	outcome	of	the	intervention.	

Two	studies	explored	effects	of	the	Healthy,	Hunger-Free	Kids	Act	of	2010.	
Cohen	et	al.	(2014,	United	States)	worked	in	four	urban	elementary	and	middle	
schools	 in	a	 lower-income	district.	The	study	 found	a	17.7	percent	 reduction	 in	
amount	 of	 entrée	 wasted	 and	 39.4	 percent	 reduction	 in	 amount	 of	 vegetable	
wasted,	with	no	significant	change	 in	 fruit	consumption.	The	study	had	a	 large	
sample	size,	but,	as	might	be	expected	with	a	national	policy,	only	pre-	and	post-
intervention	assessment	without	a	control	group	was	possible.	The	authors	did	
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Other studies, including two tier 1 studies (Ilyuk, 2018, United States; 
Williamson et al., 2016, United States) involved nudges to increase appeal 
less directly, including by altering the quality of the material of the plate 
used; providing priming messages to subtly enhance the self-esteem of cus-
tomers considering the purchase of suboptimal foods; making purchasing 
require more effort to enhance the consumer’s psychological ownership 
of food; and providing cafeteria meals after recess, when student appetite 
would be greater. Box D-10 provides examples of four of these studies, all 
of which found significant effects.

not	explore	any	theory	regarding	why	waste	decreased,	making	it	difficult	to	draw	
conclusions	 regarding	 implications	 for	 future	 interventions.	 The	 second	 study	
(Schwartz	et	al.,	2015,	United	States)	focused	on	a	single	cohort	of	students	from	
5th	to	7th	grade	in	12	randomly	selected	middle	schools	in	an	urban,	low-income	
district.	The	authors	found	the	same	pattern	of	reduced	percentages	of	vegetables	
and	entrées	wasted	over	time.	Due	to	study	design,	the	possibilities	that	changed	
consumption	was	due	to	aging,	social	desirability,	or	biased	participation	in	later	
years	could	not	be	excluded.

BOX D-10 
Nudges that Indirectly Alter Appeals

Altered Plate Material Qualities

Williamson	 et	 al.	 (2016,	 tier	 1,	 United	 States)	 explored	 how	 serving	 food	
on	disposable	or	permanent	plates	might	affect	waste.	This	research	tested	and	
found	significant	support	for	the	idea	that	subjects	subconsciously	associated	a	
food’s	level	of	disposability	with	that	of	the	plate	material	(automatic	categoriza-
tion).	The	 theory	was	supported	 in	both	 laboratory	and	field	settings,	 for	snack	
and	meal	foods,	and	with	both	professionals	and	high	school	students.	In	future	
research,	the	costs	vs.	benefits	of	less-disposable-seeming	serving	plates	needs	
to	be	considered,	including	the	environmental,	social,	and	logistical	(dishwashing),	
and	financial	costs	and	their	intersection	with	materials	with	varying	levels	of	com-
postability.	There	is	also	a	need	for	deeper	understanding	of	how	serving	plates	
might	affect	perceived	satiety	and	for	approaches	to	shaping	nudge	manipulations	
to	meet	both	consumption	and	waste	goals.

Self-Esteem Linkage

In	another	 indirect	nudge	 intervention	aimed	at	 shifting	appeal,	Grewal	et	
al.	(2019,	tier	2,	Sweden)	explored	a	novel	and	potentially	promising	behavioral	
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intervention	linking	produce	aesthetics	and	self-perception.	They	first	performed	
experiments	 that	 convincingly	 supported	 their	 theory	 that	 confronting	 so-called	
“ugly	produce”	calls	up	subconscious	negative	self-perceptions;	thinking	of	buy-
ing	or	eating	it	may	cause	us	to	 link	 its	suboptimality	to	oneself.	They	explored	
the	potential	of	interventions	that	alter	this	dynamic	through	message	intended	to	
improve	self-perception	for	those	who	purchase	the	produce.	Through	collabora-
tion	with	a	Swedish	grocery	 retailer,	 they	posted	an	 in-store	messages	 stating	
either	“You	are	Fantastic!	Pick	Ugly	Produce!”	or	“Pick	Ugly	Produce!”:	 the	first	
message	was	associated	with	a	93	percent	increase	in	selection	of	unattractive	
apples	and	a	22	percent	increase	in	willingness	to	pay	over	the	second	message.	
The	 research	 ruled	out	multiple	alternative	explanations,	and	 it	used	 retail	and	
online	samples.	Further	study	of	self-perception	interventions	seems	warranted,	
including	longer	term	follow-up.	The	committee	notes	that	it	is	unfortunately	easy	
to	imagine	such	a	simple	manipulation	becoming	overused,	which	could	lead	to	
cynicism	and	reduced	impact.

Increased Effort to Obtain Food

Ilyuk	(2018,	 tier	1,	United	States)	explored	 the	 idea	 that	 increased	mental	
and	physical	effort	 invested	 in	obtaining	food	could	 lead	to	a	stronger	sense	of	
ownership	and	 thus	 to	 reduced	 likelihood	of	waste.	The	author	used	scenario-
based	 laboratory	studies	comparing	onsite	and	online	grocery	shopping	for	 the	
same	items.	She	found	that	investing	greater	practical	or	psychological	effort	in	
obtaining	a	product	led	to	a	greater	sense	of	psychological	ownership	of	the	prod-
uct,	which	in	turn	was	connected	to	reduced	waste.	It	would	be	useful	to	further	
elaborate	the	types	of	tasks	that	shape	the	sense	of	ownership	of	food,	the	level	
and	type	of	 inconvenience	needed	to	reduce	waste,	and	how	consumers	might	
offset	induced	inconvenience	(e.g.,	change	to	more	convenient	shopping	modes).	
The	costs	and	benefits	of	such	inconvenience	could	then	be	considered	to	create	
optimized	approaches.	

Recess before Lunch

Bergman	et	al.	 (2004,	 tier	2,	United	States)	examined	whether	scheduling	
recess	before	 lunch	could	 reduce	waste	and	 improve	nutrient	consumption,	on	
the	theory	that	when	lunch	happens	first,	children	are	eager	to	socialize	and	get	
outside	and	so	may	eat	less	and	waste	more.	The	research	examined	differences	
between	schools	with	differences	in	practice	and	followed	several	similar	studies	
starting	in	1977.	Focusing	on	grades	3-5	in	two	schools	with	a	high	percentage	
of	students	 receiving	 free	and	 reduced	 lunch,	 this	study	 found	32	percent	 less	
wasted	food	in	the	school	with	lunch	served	after	recess,	in	addition	to	improved	
consumption	of	multiple	nutrients.	As	the	study	did	not	assess	an	intervention,	it	is	
not	possible	to	know	whether	the	difference	reflects	the	order	of	meal	and	recess	
or	other	differences	between	the	schools	in	the	study.	

BOX D-10 Continued
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The remaining studies (all tier 2) involved forcing changes to consum-
ers’ default behaviors (see examples in Box D-11). Two studies focused on 
date labels, with one altering descriptive phrases (e.g., changing “sell by” to 
“use by”) to stimulate different processing of date information (no effect) 
and the other removing dates to force different evaluation approaches for 
product freshness (significant reduction). 

One study (Manzocco et al. (2017, tier 2, Italy) considered how lower-
ing ambient refrigerator temperatures might help consumers discard less 
produce and elicited consumer-intended discard of salad packages that 
were maintained under different refrigeration conditions (see also below 
for modeling studies that highlight the potential benefits of improving re-
frigeration technology). Extending the time period at which food remains at 
peak quality is among the most promising approaches to preventing waste 
at all levels of the food supply chain, and such approaches have particular 
utility for helping consumers navigate scheduling shifts that prevent using 
purchased food when planned. Although considerable technological design 
effort exists in that space, such as packaging, including modeling studies 
assessing potential impacts, they are seldom tested in interventions that 

BOX D-11 
Nudges that Change Food Date Labels

Food	expiration	date	 labels	(such	as	“best	before”)	are	 frequently	miscon-
strued	as	providing	information	about	food	safety,	although	this	is	true	only	for	a	
small	number	of	 foods	(labeled	with	 “use	by”	under	 the	voluntary	 food	 industry	
standard).	Much	attention	has	focused	on	the	language	used	on	labels,	including	
the	 role	 of	misunderstanding	 in	 promoting	unnecessary	discards.	Wilson	et	 al.	
(2017,	tier	2,	United	States)	found	null	effects	of	changing	the	date	label	phrase	
on	 intended	discard	of	a	variety	of	 foods	evaluated	by	 laboratory	 respondents.	
Roe	et	al.	(2018,	tier	2,	United	States)	explored	the	possibility	of	removing	date	
labels	altogether,	finding	that	intended	discard	of	milk	lacking	a	date	label	by	study	
participants	declined	by	28	percent.	

A	 second	 line	 of	 research	 explored	 the	 potential	 to	 reduce	 discards	 by	
extending	 the	window	 of	 time	 on	 the	 label.	Yu	 and	 Jaenicke	 (2020)	 find	 a	 10	
percent	reduction	in	milk	purchases	following	the	change	in	New	York	City	milk	
date	labeling	regulations	that	resulted	in	printed	package	dates	expanding	from	
9	days	post	 pasteurization	 to	about	15	days.	Subsequent	modeling	 suggested	
a	commensurate	10	percent	 reduction	 in	household	waste	of	fluid	milk.	WRAP	
(Waste	and	Resources	Action	Programme)	(2013,	United	Kingdom)	developed	a	
model	calibrated	from	its	unpublished	work	to	explore	how	extension	of	the	shelf-
life	date	on	milk	would	affect	milk	discards.	Their	model	predicts	that	milk	discard	
would	decrease	from	about	8	percent	to	less	than	1	percent	if	shelf-life	dates	were	
extended	from	7	to	13	days.	
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specifically assess the impact on consumer discards; and thus other studies 
did not qualify for this review. 

Policies that ban organic waste from landfills can also change default 
behaviors (Sandson and Broad Leib, 2019) although none of the studies 
reviewed examined such interventions. 

Overall, the empirical support of nudge interventions focused on shift-
ing food quantity and appeal is the stronger than that for any of the other 
intervention types with statistically significant effect sizes being documented 
in multiple studies of this intervention type. However, the evidence is mixed, 
dominated by tier 2 studies, and limited in context (studies of nudges were 
primarily short-run evaluations carried out in buffet settings). Further, the 
potential for these interventions to be feasible needs to be considered in 
light of effects of the COVID-19 pandemic, such as how the closing of 
food service venues during the pandemic will affect other practices related 
to food.

INFORMATION 

One of the most common and seemingly intuitive approaches to ad-
dressing food waste is providing participants with concrete advice aimed 
at helping them reduce their waste: a tool for action, such as knowledge 
or skills regarding how to reduce waste. This category is distinct from ap-
peal and feedback interventions, which also provide forms of information; 
information interventions entail providing only “how-to” information. 
Intervention designs of this type are often rooted in the theory of planned 
behavior (see Chapter 1). 

The committees’ literature search identified 22 studies that included 
information interventions, three of which are tier 1 studies (see examples 
in Box D-12). The interventions studied were fairly evenly divided between 
household and food service settings. In most cases, the guidance provided 
included multiple how-to tips targeting different strategies for reducing 
food waste or preserving food longer. The information and tools provided 
were often designed to be proximate to the point of decision making (e.g., 
refrigerator magnets and food containers for storage decisions, spreadsheets 
for use when planning meals). Advice was provided in a variety of modali-
ties, from pamphlets and information packets to films, signage, and social 
media. 

In most cases, the information interventions paired advice with other 
interventions, such as calls to action, tracking, or communication of social 
norms. Thus in many of the studies (8 of the 22, including 2 of the 3 tier 
1 studies (Liz Martins et al., 2016; Portugal; van der Werf et al., 2019, 
Canada), it was not possible to distinguish the effects of the information 
component itself. The third tier 1 study (Soma et al., 2020, Canada) showed 
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a small effect for the information component when the intervention encour-
aged participants to engage actively with the information through quizzes 
with rewards, while passive participation or modes that required more 
coordination to achieve engagement (attending group workshops) failed to 
produce significant waste reduction. 

Six of the tier 2 studies found significant positive effects that could be 
attributed directly to the information provision. One involved tailoring the 
information provided based on pretest results, a procedure that significantly 
improved outcomes (Schmidt, 2016, Germany). Two studies found null 
effects of the information provision (Ahmed et al., 2018, United States; 
Jagau and Vvrastekova, 2017, The Netherlands). In some cases, the effects 
measured reflected intermediate outcomes, such as knowledge. Qualitative 
studies generally found positive effects for providing information through 
such means as intensive small group sessions. The committee also reviewed 
two studies (tier 2) where a U.K. retailer implemented multiple informa-
tional and social approaches using communication techniques, with positive 
effects on food waste (Young et al., 2017, 2018). Several other reports of 
large-scale information interventions that had not been peer reviewed also 
suggested potential positive impacts for information interventions. 

In summary, while some studies suggest significant effects may be 
achieved with simple informational interventions alone, other studies sug-
gest null effects, and long-term impacts must be assessed. Additionally, as 
the public grows more knowledgeable about wasted food, the impact of 
informational approaches may be reduced.

BOX D-12 
Information Interventions

One	tier	1	study	in	Italy	found	striking	impacts	from	a	simple	and	low-cost	
intervention.	Romani	et	al.	(2018)	simply	asked	participants	to	read	an	article	com-
municating	the	importance	of	meal	planning	and	then	provided	advice	and	a	plan-
ning	tool	for	doing	so.	The	result	was	a	significant	24	percent	reduction	1	week	
following	 the	 intervention,	with	 reduced	waste	mediated	by	planning	behaviors.	
Longer	term	effects	were	not	assessed.	Kowalewska	and	Kollajtis-Dolowy	(2018,	
tier	2)	collaborated	with	Polish	schools	to	implement	an	educational	intervention	
with	middle	school	 students	and	 their	households.	They	 reported	 that	 showing	
students	four	brief	educational	videos	about	food	waste	and	its	prevention,	plus	
providing	a	leaflet	to	parents,	led	to	a	knowledge	effect	nearly	twice	that	seen	in	
households	receiving	only	the	leaflet.	Some	knowledge	improvements	persisted	at	
3	months	follow-up.	However,	wasted	food	levels	were	not	measured	in	this	study.
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An	additional	and	more	labor-intensive	tier	1	informational	intervention	was	
carried	out	by	van	der	Werf	et	al.	(2019)	in	Canada	at	the	household	level.	They	
presented	a	2-week	benefits-framed	(saving	money)	multicomponent	intervention	
aimed	at	building	waste	prevention	literacy,	rooted	in	the	theory	of	planned	behav-
ior.	Components	included	a	mailed	packet	containing	visual	reminders	(magnets)	
to	post	on	 refrigerators	or	 freezers,	a	 link	 to	a	website	with	details,	five	emails	
reinforcing	campaign	messages	over	2	weeks,	and	a	container	 to	extend	 food	
shelf	life.	The	intervention	was	associated	with	a	30	percent	reduction	in	avoidable	
food	waste—measured	directly	 through	waste	collection.	 It	was	not	possible	 to	
segment	the	separate	roles	of	the	different	intervention	components.	It	is	possible	
that	these	strong	effects	from	information	studies	will	attenuate	as	public	knowl-
edge	grows.	Furthermore,	 as	 noted	 in	 the	main	 text,	 other	 information	 studies	
have	found	null	or	weaker	effects,	and	research	on	long-term	effects	is	needed.	

National Campaigns

Large-scale	campaigns	commonly	focus	on	distributing	materials	and	tools	
that	can	then	be	used	by	a	variety	of	actors	to	inform	consumers	and	organiza-
tions	about	wasted	food	and	provide	positive,	easy-to-implement	behavior	solu-
tions.	 For	 example,	 the	 “Love	Food,	Hate	Waste”	 campaign,	 developed	 in	 the	
United	Kingdom	by	WRAP,	launched	in	2007,	includes	an	extensive	suite	of	tools,	
including	 communication	 kits	 (i.e.,	 social	media	 assets,	 posters,	 leaflet,	 blogs,	
videos)	that	can	be	adapted	by	influencers,	industry,	and	organizations	related	to	
promoting	the	value	of	food,	the	cost	of	food	waste,	and	the	positive	behaviors	to	
reduce	wasted	food.	The	campaign	has	engaged	actors	and	has	published	les-
sons	learned	related	to	how	to	develop,	conduct	outreach	activities,	monitor,	and	
research	a	successful	campaign	to	reduce	wasted	food.	

In	the	United	States,	the	Natural	Resources	Defense	Council	(NRDC)	and	
the	Ad	Council	 launched	a	national	campaign	 in	2016,	“Save	the	Food,”	  with	a	
multimodal	 approach	 (i.e.,	 video,	 print,	 and	 digital	messaging).	While	 primarily	
based	in	information	and	appeal	elements,	the	campaign	also	includes	nudges,	
social	 comparisons,	 and	 other	 elements.	Ongoing	 consumer	 surveys	 revealed	
that	awareness	about	the	campaign	and	about	wasted	food	was	higher	after	the	
campaign	 as	 was	 the	 percentage	 of	 people	 reporting	 reducing	 the	 amount	 of	
wasted	food	in	the	last	6	months.

It	is	important	to	note	that	large	informational	campaigns	have	only	minimally	
been	evaluated	in	the	peer-reviewed	literature,	although	their	effectiveness	has	
been	reported	in	non-peer-reviewed	assessments.	One	example	is	the	2012-2013	
West	London	“Love	Food	Hate	Waste”	campaign,	which	estimated	for	2007-2012,	
a	14	percent	food	waste	reduction	and	a	1-to-8	return	on	investment.*	However,	
those	results	were	challenging	to	untangle	from	the	concurrent	economic	reces-
sion.	The	success	of	 such	campaigns	depends	on	many	 factors,	 including	 the	
ability	to	engage	influential	actors,	the	characteristics	of	the	tools	themselves,	and	
the	availability	of	human	and	financial	 resources	 for	 the	campaign	 to	be	active	
and	adapted	to	changes.

BOX D-12 Continued
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MODELING STUDIES 

While high-quality empirical evaluations are critical for providing ro-
bust recommendations concerning the effectiveness of interventions to re-
duce wasted food at the consumer level, studies that develop, calibrate, and 
simulate models of consumer behavior (modeling studies) can also provide 
important insights concerning the potential effectiveness of individual in-
terventions or suites of interventions. Given the burden of implementa-
tion and tracking, most intervention studies focus on a single stage in the 
consumer process (e.g., purchase, home meal preparation, consumption, 
discard) rather than systems-level interventions. Modeling studies can pro-
vide insights into systems-level spillovers that might occur in response to 
interventions, including predictions concerning behavioral and organiza-
tional responses that occur at other points in the food supply chain and the 
associated costs and benefits. Modeling studies generally rely on empirical 
work for calibration, and hence the insights generated are circumscribed by 
the validity of those empirical efforts. Still, they are often critical in order to 
connect narrow and potentially fragmented empirical efforts into a systems 
vision that permits broader assessment and evaluation of interventions. 
Box D-13 describes the modeling studies the committee reviewed: unless 
otherwise mentioned, these studies did not feature primary data collection.

Young	 et	 al.	 (2017,	 2018,	 both	 tier	 2,	 United	 Kingdom)	 presented	 a	 rare	
peer-reviewed	 study	 of	 a	 large	 informational	 campaign	 implemented	 at	 scale.	
The	multicomponent	project,	implemented	via	intensive	collaboration	with	a	U.K.	
food	 retailer,	 combined	multiple	 informational	 and	 social	 influence	 approaches	
reaching	users	of	store	social	media	and	other	communications,	as	well	as	on-site	
customers.	Informational	aspects	of	the	intervention	included	a	feature	article	in	
the	store’s	magazine	with	expert	tips,	an	e-newsletter	feature	on	using	leftovers,	
tips	shared	by	social	media	users,	and	 information	about	correct	 food	storage.	
Across	the	study	period,	both	exposed	individuals	and	controls	reported	reduced	
discards,	and	no	differential	change	was	detected.	While	measurement	and	secu-
lar	changes	may	have	been	a	factor,	it	is	also	possible	that	the	indirectness	of	con-
tact,	or	the	many	factors	competing	for	participant	attention,	also	reduced	impact.

*See:	https://www.wrap.org.uk/sites/files/wrap/West%20London%20LFHW%20Impact%20
case%20study_0.pdf.
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BOX D-13 
Modeling Studies

Belavina	et	al.	(2017)	simulated	the	revenue	and	environmental	implications	
of	two	online	grocery	delivery	business	models:	the	subscription	model,	in	which	
patrons	pay	an	annual	fee	for	unlimited	grocery	deliveries,	and	a	per-order	model,	
in	which	 patrons	 pay	 a	 fee	 for	 each	 grocery	 delivery.	Their	 simulations,	which	
were	calibrated	 for	a	variety	of	business	and	delivery	 requirement	parameters,	
suggest	that	the	subscription	model	will	lead	to	less	wasted	food,	as	patrons	will	
order	more	 frequently	and	avoid	stockpiling	 that	often	 leads	 to	waste,	and	 that	
the	accompanying	environmental	benefits	from	reduced	food	waste	are	greater	
than	the	additional	environmental	burdens	triggered	from	additional	vehicle	trips.	

Duret	et	al.	(2019)	simulated	multiple	interventions	in	the	cooked	ham	supply	
chain	that	promote	reduced	food	spoilage,	including	changes	to	home	refrigera-
tor	temperature	settings	and	insulation	levels,	to	identify	trade-offs	between	the	
amount	 of	 ham	wasted,	 consumer	 exposure	 to	 elevated	 pathogen	 levels,	 and	
energy	use.	Their	simulation	suggests	that	reducing	home	refrigerator	thermostat	
settings	from	6°	C	to	4°	C	could	reduce	ham	waste	by	about	one-half	and	reduce	
exposure	to	high	doses	of	foodborne	pathogens	by	68	percent	while	increasing	
energy	use	by	only	9	percent.	As	noted	above,	a	related	effort	by	Manzocco	et	
al.	(2017)	collected	original	data	on	consumer	food	discard	intentions,	which	was	
used	to	simulate	the	consumer	waste	reduction	potential	from	reductions	in	home	
refrigerator	temperatures	for	iceberg	lettuce.		

Van	Holsteijn	and	Kemna	(2018)	simulated	the	potential	extension	of	 food	
shelf	 life	 that	would	be	possible	 from	redesigning	home	refrigerators	 to	 feature	
multiple	compartments	with	different	ambient	temperatures.	They	showed	that	av-
erage	shelf	life	for	a	bundle	of	foods	commonly	found	in	homes	could	be	extended	
by	a	factor	of	two	to	three	from	such	a	redesign	that	was	then	appropriately	used	
by	consumers	in	their	homes.	

Two	studies	used	life-cycle	assessment	approaches	to	assess	the	tradeoff	
between	 reductions	 in	wasted	 food	 due	 to	 delivered	meal-kit	 options	 against	
other	 possible	 sources	 of	 environmental	 damage	 (e.g.,	 increased	 packaging	
waste	and	transportation).	Heard	et	al.	(2019)	found	that	for	most	of	the	meals	
considered,	 the	meal-kit	 option	 provided	 less	 life-cycle	 impact	 per	meal	 than	
meals	prepared	at	home	by	consumers	sourcing	ingredients	through	in-person	
grocery	purchases.	Gee	et	al.	 (2019)	assessed	 this	same	 trade-off	 through	a	
broader	lens:	considering	a	weekly	rather	than	per-meal	basis	and	considering	
upstream	 transportation	 required	 by	 meal-kit	 fulfillment	 centers.	 They	 found	
the	waste	reduction	 from	meal	kits	did	not	offset	 the	additional	environmental	
impact	 from	 the	 additional	 packaging	 in	 their	 base	 scenarios.	 However,	 they	
suggested	that	if	meal	kits	can	induce	fewer	trips	to	the	grocery	store	per	week	
or	 rely	 on	 lower-impact	 packaging,	 then	meal	 kits	 could	 yield	 fewer	 life-cycle	
damages	 than	 home-produced	 meals	 made	 with	 ingredients	 from	 traditional	
grocery	store	shopping.	Life-cycle	assessment	 is	also	evoked	by	Wikström	et	
al.	(2016)	in	their	comparison	of	packaging	alternatives	for	minced	meat,	where	
they	calibrate	trade-offs	between	the	tendency	for	different	packaging	materials	
to	reduce	food	waste	and	to	be	recycled.
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Hamilton	 and	Richards	 (2019)	 deduced	 qualitative	 results	 from	 a	 stylized	
model	of	home	meal	production	and	food	utilization,	finding	that	commonly	held	
beliefs	(e.g.,	lower	food	prices	lead	to	more	wasted	food,	reductions	in	the	cost	of	
food	utilization	lead	to	less	wasted	food)	need	not	hold	and	may	have	alternative	
relationships	under	certain	consumer	demand	conditions	 (e.g.,	 food	demand	 is	
highly	sensitive	to	prices).	

WRAP	 (2013,	non-peer-reviewed)	constructed	a	discrete	event	 simulation	
model	focused	on	home	milk	waste,	calibrated	with	previous	empirical	evidence	
collected	 by	 WRAP.	 This	 model	 replicates	 several	 findings	 from	 independent	
empirical	studies	 (e.g.,	 reductions	 in	wasted	milk	as	household	size	 increases)	
and	generates	 insights	 that	 are	plausible	 but	 not	 independently	 validated	 from	
empirical	studies	(reductions	in	wasted	milk	for	extensions	in	milk	shelf	life	and	in-
creased	refrigerator	monitoring).	Kandemir	et	al.	(2019)	extended	these	modeling	
efforts	to	include	additional	elements	of	the	consumer	experience	(e.g.,	shopping	
module),	 additional	 food	 items	 (e.g.,	 hard	 cheeses	 and	 yogurt),	 and	 additional	
interventions	(e.g.,	 introduction	of	smaller	multipack	products).	Manzocco	et	al.	
(2017)	 conducted	 a	 similar	 modeling	 effort,	 where	 the	 authors	 leverage	 their	
original	 consumer	 data	 collection;	 they	 concluded	 that	 reducing	 home	 storage	
temperatures	of	lettuce	from	12	degrees	Celsius	to	8	or	4	degrees	could	yield	a	
13	percentage	point	reduction	in	home	lettuce	waste.

Somkun	(2017)	develops	a	model	that	links	in-home	behavioral	responses	
to	package	size	to	 in-store	 inventory	management	to	provide	a	rare	 look	at	 the	
relationship	between	in-home	and	in-store	waste	generation.	To	be	tractable,	the	
model	requires	several	strong	assumptions	(e.g.,	there	is	a	single	product	with	a	
one-day	shelf	life),	but	such	assumptions	permit	an	analyst	to	track	how	product	
size	alters	wasted	food	that	occurs	both	in	homes	and	at	retailers,	that	is,	how	a	
particular	package	size	could	increase	waste	at	home	but	decrease	waste	at	the	
store	(or	vice	versa).

Perhaps	the	broadest	modeling	study	in	this	literature	is	offered	by	Chitnis	et	
al.	(2014),	a	study	exploring	system-wide	rebound	effects	of	food	waste	reduction	
efforts	alongside	other	proenvironmental	behaviors	that	households	might	under-
take.	The	authors	assessed	the	implications	for	greenhouse	gas	emissions	from	
food	waste	reduction	efforts	by	estimating	from	secondary	data	how	the	cost	sav-
ings	generated	from	food	waste	reduction	efforts	would	be	spent	by	households.	
They	 then	 compared	 the	 projected	 reductions	 in	 emissions	 from	 reduced	 food	
waste	 to	 the	change	 in	emissions	created	by	 the	projected	expenditure	pattern	
facilitated	by	the	household	food	budget	savings.	They	concluded	that	savings	in	
the	food	budget	are	very	likely	to	be	spent	on	items	that	provide	little	reduction	
(a	large	rebound)	to	a	household’s	total	contribution	to	greenhouse	gas	emission	
creation,	particularly	among	the	lowest-income	households.	Similar	findings	were	
observed	 in	 WRAP’s	 econometric	 study	 (non-peer-reviewed)	 aimed	 at	 under-
standing	 impacts	of	 their	campaign	(WRAP,	2013).	Together,	 these	 two	studies	
raise	a	concerning	counterpoint	to	the	intervention	literature	and	potentially	sug-
gest	 a	 need	 for	 an	 even	wider	 lens	 in	 constructing	 intervention	 approaches	 in	
order	to	prevent	such	rebound	effects.
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Appendix E

Research on Behavioral Change 
from Other Domains

The committee examined a significant body of research on consumer 
behavior from six domains: energy conservation, water conserva-
tion, waste prevention and management, recycling, diet change, and 

weight management. Key findings from this work are discussed in the body 
of the report; this appendix presents a more detailed discussion of the 
work reviewed. It begins with a brief historical overview of the literature 
and then summarizes findings from the research, including general themes 
about consumer behaviors and themes related to both drivers of consumer 
behavior and interventions. It closes with an overview of suggestions for 
further research made by scholars in these fields.

The committee gathered 406 peer-reviewed and published articles that 
were classified as systematic reviews, narrative reviews, and meta-analyses 
about behavior change in these six domains and reviewed their abstracts 
for applicability to the committee’s task. From this set, 46 articles were 
selected to be reviewed in full; details of the literature search can be found 
in Appendix B. 

An important caveat of this appendix is the focus on meta-analyses, 
systematic reviews, and narrative reviews. While these types of analyses 
are helpful in presenting distilled information and can present the weight 
of the evidence on a topic, they can bias evidence (Sorrell, 2007). This is 
because these types of analyses and reviews often focus on a narrow set of 
questions, such as whether certain types of interventions “work” (Sorrell, 
2007). But they often do not capture the important implementation and 
qualitative studies that answer questions about how something works or 
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the cost of an intervention (Sorrell, 2007). This neglects the complexities 
about how something works and often overlooks important information. 

HISTORY OF BEHAVIOR CHANGE RESEARCH

Awareness of behavior change science and how it has transformed over 
time is an important backdrop to the scientific findings from current work. 
Numerous behavior change theories and frameworks have been used to un-
derstand and predict individual behavior. One systematic review of research 
on diet change mentioned that a total of 83 theories of behavior change 
had been identified (Samdal et al., 2017). There has been no consensus 
on which theories and frameworks are most useful, and some have been 
more commonly applied than others. Importantly, the dominant theories 
in use have evolved over time. Early theories of behavior change, such as 
social cognitive theory, theory of planned behavior, and the transtheoreti-
cal model, were most often used to explain why people adopt a behavior. 

For much of the 20th century, these theories characterized human be-
havior as being predominately conscious and reason driven; these theories 
and behaviors are sometimes referred to as System 2 (Koop et al., 2019; 
Marteau, 2017) Because of this focus, the drivers that were captured and 
interventions that were designed were often centered around knowledge 
transfer and ways to improve self-efficacy (Koop et al., 2019). By the end 
of the 20th century, it was apparent that these theories were limited in 
their ability to explain behavioral outcomes and that there was another 
set of automatic and emotion-driven factors that needed to be captured 
(Marteau, 2017). 

At this point, models of behavior emerged that depicted two or three 
sets of parallel processes that characterized human behavior as being more 
automatic and emotion-driven. These processes were described as reflective, 
semireflective, and automatic processes (Koop et al., 2019), with reflective 
being aligned with System 2, and automatic sometimes being referred to as 
System 1 (Marteau, 2017). Because of widespread use of these processes 
across domains, the drivers that were captured and interventions that were 
designed in the studies included in this appendix were often centered on 
social norms, framing, priming, nudging, and emotions (Koop et al., 2019). 
In addition, the evolution in these fields over time has meant that the meta-
analyses reviewed in this appendix often contain more studies on System 
2 interventions and more recent, but sparse, studies on System 1 interven-
tions. Most recently, it has been recognized that individual behaviors are 
responsive to both System 1 and 2 processes and that a combination of the 
two can be more effective. Thus, researchers have begun to measure drivers 
and create study designs that combine System 1 and 2 into more complex 
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and multicomponent interventions; these studies, because they are more 
recent, are rarely included in the meta-analyses discussed in this appendix. 

GENERAL THEMES IN CURRENT RESEARCH

Literature from the six domains uses many terminologies to categorize 
and measure behavioral predictors or drivers, behavioral interventions, and 
other related factors. The multiplicity of terms and measures used within 
domains can be a barrier to identifying commonalities and differences, to 
designing and evaluating programs and interventions, and to aligning cur-
rent and future research. However, there are some common threads in the 
terms used for processes (e.g., reflective, semireflective, and automatic or 
System 2 and System 1) and for intervention types (e.g., social comparison, 
feedback, information, appeals, engagement, choice architecture/nudges). 
This section summarizes two general themes in the research from the six 
domains: the use of theory to drive terminology and guide programs, and 
the fact that intention does not always drive behavior.

Use of Theory to Drive the Use of Common Terminology 
and Guide Program Design and Evaluation

The terminology used to categorize behavioral drivers and interven-
tions is inconsistent within fields and across fields even though terms often 
described the same phenomena. This inconsistency makes it challenging to 
compare within and across literatures. For example, drivers of behavior 
were categorized within studies in the following ways: 

•	 individual and contextual; 
•	 individual, behavior-specific, and general; 
•	 sociopsychological, technical-organizational, individual, socio-

demographic, and study-specific; 
•	 sociopsychological, sociodemographic, contextual (situational); 
•	 perceived and objective; 
•	 demographic, institutional, economic, social/cultural; and
•	 environmental, situational, psychological. 

The definitions for these categories often differed or only overlapped 
partially between studies, making it challenging to know in which category 
a driver belonged. Drivers were also often interchangeably termed as de-
terminants, determining factors, motivations, predictors, or moderators. 
Because these terms can take different levels of meanings (e.g., statistical 
meanings of prediction and moderation) or serve as a determining construct 
within a behavioral model (e.g., motivation), it can be challenging to parse 
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meaning. Similarly, the terms behaviors, actions, and outcomes were often 
used synonymously. An analysis of household waste prevention interven-
tions by Sharp et al. (2010) found that many studies that describe behavior 
change are ultimately measuring outcome change but not necessarily the 
behaviors leading up to the change in outcome.

Behaviors were also often subdivided into categories differentially 
(Koop et al., 2019; Scott et al., 2015). For example, in the waste manage-
ment literature, some studies used the well-known reduction, reuse, and 
recycling categories while other studies created a suite of composite behav-
iors, including: 

•	 basic environmental, decision-making environmental, interpersonal 
environmental, and civic environmental behavior (Li et al., 2019) 
and 

•	 citizenship, financial, persuasion, and ecological management be-
haviors (Li et al., 2019). 

Behaviors were also categorized as one-off, continuous or repeated, 
or dynamic (i.e., a mix of one-off and repeated) acts (e.g., procuring a 
recycling bin from the county, turning off lights, recycling) or purchases 
(e.g., buying an energy efficient appliance or organic food). Some studies 
recommended that it was more useful to conceptualize actions or behaviors 
by activity type (i.e., one-off, repeated) than by sector (e.g., waste manage-
ment behaviors, energy conservation behaviors) because of the similarities 
and differences between one-off actions and habits or routines, even across 
domains. Consistent categorizations and terminology would allow the lit-
eratures to share common findings more easily. 

Similarly, the meta-analyses and systematic reviews included in this ap-
pendix categorized interventions in many different ways (e.g., by construct, 
by strategy, and by process, often relating it to more reasoned behaviors 
or more automatic behaviors, or both), and, in many cases, described 
interventions as bundled strategies. For example, one meta-analysis on 
validated field interventions to promote household recycling appealed to 
psychological constructs and categorized interventions by type as informa-
tion, feedback, incentives, commitment, behavior modeling, and environ-
mental alterations (Varotto and Spagnolli, 2017). Another meta-analysis 
testing behavioral interventions to promote household action on climate 
change categorized interventions by type as information, appeals, engage-
ment, social comparison, and choice architecture (Nisa et al., 2019). Both 
studies commented on the frequency with which interventions incorporated 
bundled strategies. Another waste prevention meta-analysis found that 
bundled strategy interventions often do not disaggregate which behaviors 
relate to which strategies and this could be improved by the use of theory 
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as a guide (Sharp et al., 2010). In addition, other studies categorized inter-
ventions by information processing routes. For example, Koop et al. (2019) 
used reflective (i.e., conscious, reason driven), semireflective (i.e., heuristics, 
simple cues), and automatic processing routes to categorize interventions 
on water conservation behavior within households. Other studies often 
compared only reflective and automatic processing routes and used various 
terms, such as System 2 or System 1, hot or cold, and reflective or impulsive 
(Marteau, 2017).

The use of theories of change and conceptual frameworks can help 
resolve these inconsistencies in terminology to an extent. In addition, 
theories and frameworks can guide the design of behavioral interventions, 
including identifying behavioral constructs and mechanisms and various 
levels of variables and outcomes that will need to be measured in order to 
disaggregate effects (Thomson and Ravia, 2011). Despite this, not enough 
studies use theoretical frameworks to guide design (Sweet and Fortier, 
2010; Thomson and Ravia, 2011; Varotto and Spagnolli, 2017). One 
meta-analysis of health behavior interventions estimated that only about 30 
percent of studies used theoretical frameworks to guide their interventions 
(Sweet and Fortier, 2010).

A significant body of research has demonstrated the efficacy of theory-
driven interventions targeting modifiable behaviors (Haggar and Weed, 
2019). One review of behavior change related to diet and physical activity 
found only sparse and inconsistent evidence that theory-based interven-
tions are effective or lead to better outcomes (Samdal et al., 2017), while 
another review found that interventions structured on behavioral theory 
techniques are more effective (Belogianni and Baldwin, 2019). In addition, 
behavioral theories are often poor at explaining how the initiation and the 
maintenance of behavior might differ (Samdal et al., 2017). Despite this, 
studies in these domains discuss how theories and frameworks can help to 
standardize monitoring and evaluation practices and reporting of outcomes 
(Cox et al., 2010). By standardizing common elements, the next genera-
tion of studies could develop new methods for easier interpretability and 
comparison that investigate change across multiple behaviors and bundled 
strategies. For example, one meta-analysis suggested exploring the follow-
ing new methods to capture the complexity of actions underlying behavior 
change: combining change scores, creating an index score, expanding the 
impact formula, and using an overarching measure of change (Sweet and 
Fortier, 2010).

Intention Does Not Always Lead to Behavior

Based on behavioral theories that are widely applied across these do-
mains, there is an assumption that self-reported behavioral intentions lead 
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to implementation of a behavior. In other words, intended or self-reported 
behaviors are often considered synonymous with actual behavior change. 
However, numerous studies have documented that self-reported intentions 
and their actual behavior frequently do not match (Li et al., 2019; Varotto 
and Spagnolli, 2017). As such, many authors have suggested future studies 
move away from or be aware of the use of intentions or clearly distinguish 
between intention and actual behavior when collecting and interpreting 
data (Li et al., 2019; Nisa et al., 2019; Varotto and Spagnolli, 2017). For 
example, one meta-analysis on household recycling behaviors found that 
individual and contextual factors often predicted intention to recycle, but 
they did not observe recycling behavior (Geiger et al., 2019). Another re-
view of health communication campaigns found that an increase in knowl-
edge, awareness, or beliefs did not necessarily change targeted behaviors, 
and it recommended that campaigns should aim to target specific behavior 
change goals rather than only awareness and should plan to evaluate both 
(Snyder, 2007). The value-action gap, the awareness-behavior gap, com-
munications gap, and the knowledge gap are also terms that are used to 
refer to this phenomenon (Li et al., 2019; Sharp et al., 2010; Snyder, 2007). 

DRIVERS OF CONSUMER BEHAVIOR

The committee’s review found several themes in the research on drivers 
of consumer behavior summarized in this section. 

Not One but Many Behaviors

Across the domains, the literature suggests that not one but many be-
haviors determine the outcomes of interest to policy makers and practitio-
ners (Cox et al., 2010). There is no standard set of behaviors that is widely 
accepted as the set that determines outcomes. In the recycling domain, 
which has one of the more extensive and well-developed literatures, Li et 
al. (2019) explained that the behaviors shaping this domain are so complex 
that a single model would be unable to encompass all the relevant factors. 
In the waste prevention literature, Cox and colleagues (2010) reported that 
the vast majority (~70–85 percent) of behavior cannot be explained in cur-
rent studies due to the multiplicity of behaviors.

A majority of interventions in the six domains were designed as pack-
ages of strategies to target several behaviors aimed at an outcome. This 
approach made it challenging for the meta-analyses and systematic reviews 
to measure, depict, and disaggregate which strategies influence which be-
haviors. However, Sharp et al. (2010) and Sweet and Fortier (2010) suggest 
this may not matter because often an individual strategy might be more 
influential on a single behavior and less influential on the targeted outcome, 

http://www.nap.edu/25876


A National Strategy to Reduce Food Waste at the Consumer Level

Copyright National Academy of Sciences. All rights reserved.

APPENDIX E 265

while a package of strategies can be less influential on a single behavior but, 
additively, more influential on the broader outcome. For example, a review 
of meta-analyses comparing single and multiple health behavior interven-
tions found that multiple health behavior interventions were more effective 
at reducing body weight than single behavior interventions (Sweet and For-
tier, 2010). The authors explained that multiple behavioral improvements in 
individual behaviors (e.g., diet, physical activity) added up to greater effects 
on weight loss when combined (Sweet and Fortier, 2010). Notably, combin-
ing such strategies may be more cost-effective, as the additional costs of 
adding another mode of intervention is likely smaller than the base costs 
of undertaking an intervention. 

Predictive Power of Sociodemographic Variables

Sociodemographic variables were assessed across all domains in terms 
of their ability to predict proenvironmental behavior. People who were 
higher income, more educated, older, living in detached properties, and 
women were more likely to engage in water conservation and recycling 
behaviors (Addo et al., 2018; Cox et al., 2010; Whitmarsh et al., 2018). 
People who were younger, more educated, and lower income were more 
likely to engage in waste reduction behaviors (i.e., buying less, avoiding 
buying new things) (Whitmarsh et al., 2018). People who were higher in-
come, older, and owned a home were more likely to conserve energy (Karlin 
et al., 2015). Other studies reported that sociodemographic variables have 
no significant influence on proenvironmental behavior (Li et al., 2019), 
that only income predicts recycling behavior (Miafodzyeva and Brandt, 
2013); or, that while well-educated people are generally more committed 
to resource conservation, they actually consume more (Koop et al., 2019). 
Studies of waste prevention find that while both genders contribute equally 
to municipal solid waste production, females are more willing to recycle 
or participate in reduction behaviors, and men are more willing to pay for 
waste reduction (Ma and Hipel, 2016). Similarly, young people have been 
found to be more willing to pay for waste prevention and reduction than 
older people (Ma and Hipel, 2016). 

While there are trends by domain in how sociodemographic variables 
are associated with behaviors, many studies find that these variables do 
not contribute much to understanding of proenvironmental behavior and 
that psychological factors are more successful in predicting behavior and 
behavior change (Li et al., 2019). One meta-analysis suggested that there 
was no need to tailor recycling interventions to different target groups, such 
as households, students, or employees, because similar factors seemed to 
underlie their behavior and the relationship between individual and con-
textual factors did not differ by group (Geiger et al., 2019). Other studies 
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have illustrated that as a behavior becomes well established (e.g., recycling), 
external social pressure no longer predict or significantly influence behavior 
(Miafodzyeva and Brandt, 2013; Soderhorn, 2010).

Predictive Power of Motivational Factors

It is somewhat tempting to think that simply having enough informa-
tion about a given behavior or its effects will change individuals’ choices. 
However, knowledge or information alone was found to be insufficient 
as a predictor of ability (i.e., knowledge for action) to change and main-
tain behavior (Abrahamse et al., 2005). By contrast, motivational factors, 
which take a wide range of forms, seem to be more effective. For example, 
motivational tools—such as altered attitudes toward outcomes, personal 
norms, agency or perceived control, and social norms—have turned out to 
be the most successful predictors and influencers of proenvironmental and 
weight management behaviors (Li et al., 2019; Miafodzyeva and Brandt, 
2013; Samdal et al., 2017). Literature in the weight management domain 
indicates that people who have self-efficacy and are motivated by their own 
needs and desires can more readily sustain a behavior (Samdal et al., 2017; 
Thomson and Ravia, 2011).

Not all motivational factors are egocentric: several meta-analyses illus-
trate that proenvironmental behavior is more motivated by normative and 
sometimes environmental concerns than by individual costs and benefits 
(Geiger et al., 2019; Miafodzyeva and Brandt, 2013). Similarly, environ-
mental attitudes and beliefs, concerns for the future, and an individual’s 
sense of responsibility—all of which can shape motivation—contribute 
more to understanding proenvironmental behavior than sociodemographic 
variables (Li et al., 2019). Norms play a particularly important role in be-
havior change. Moral norms (i.e., when people feel that doing something 
aligns with an abstract right or wrong), injunctive social norms (i.e., what 
one ought to do), and descriptive social norms (i.e., perceptions of what 
most people are doing) have increased in many societies and are strongly 
correlated with behavior (Miafodzyeva and Brandt, 2013; Whitmarsh et 
al., 2018). 

These findings suggest that behaviors that are presented as useful, pleas-
ant, important, and widely accepted activities are more likely to be adopted 
and sustained (Miafodzyeva and Brandt, 2013); conversely, behaviors that 
are viewed as someone else’s responsibility, inconvenient, or that require a 
high bar of self-efficacy or locus of control are less likely to be adopted and 
sustained (Cox et al., 2010). One caveat to this finding is that it may not 
apply to prevention behaviors that are unseen (e.g., changing acquisition 
behaviors in order to purchase less in the first place). In instances where 
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an action is not visible—frequently those categorized as prevention—social 
norms are unlikely to develop (Cox et al., 2010). 

Contextual Factors Affect Opportunities  
to Initiate and Sustain Behaviors

Several meta-analyses of household recycling interventions found that 
contextual factors were seldom considered (Geiger et al., 2019; Varotto and 
Spagnolli, 2017). Studies that included contextual factors, such as having 
curbside or convenient recycling, a bin at home, or other (e.g., space at 
home to store recycling), found them to be very strong predictors of waste 
reduction and recycling behavior (Geiger et al., 2019; Whitmarsh et al., 
2018). In one study by Guagnano et al. (1995), the explanatory power of 
personal norm beliefs decreased when curbside pickup was included. A 
review of the literature on water conservation behavior found that water 
pricing was the most important variable explaining differences in domestic 
consumption in 10 Organisation for Economic Co-operation and Devel-
opment countries (Koop et al., 2019). Moreover, studies have found that 
psychosocial factors, such as attitudes and norms, are insufficient for over-
riding structural barriers to behavior (Karlin et al., 2015).

Interactions among Psychosocial and Contextual Factors

Contextual and psychosocial factors were often found to interact to 
promote behavior change and maintenance. Households were more likely 
to adopt behaviors when they felt capable, motivated, and had the opportu-
nity (Addo et al., 2018; Geiger et al., 2019). In a meta-analysis of the causal 
mechanisms of water conservation behavior, opportunity was a moderate 
predictor of behavior, followed by motivation and then capability; the three 
together explained 37 percent of the variance in household behavior (Addo 
et al., 2018). In this analysis, opportunity was defined as any external physi-
cal and social environment factor, such as time, resources, location, and 
finances, that enables an individual’s behavior; motivation was defined as 
intrinsic and extrinsic factors, such as attitudes, norms, values, and beliefs; 
and capability was defined as physical and psychological ability to enact 
the behavior, such as skills (Addo et al., 2018). 

Proximal and Automatic Behaviors Compared with Reasoned Behaviors

More proximal and automatic behaviors have higher behavioral plas-
ticity potential, meaning behavior can change more rapidly or with greater 
magnitude in response to a stimulus. Choice architecture (i.e., nudges, 
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removing external barriers) and social comparison interventions (i.e., com-
paring one’s behavior with others) have been found to be the most effica-
cious for behavior change when compared with traditional interventions, 
such as information (e.g., statistics, simple messages, energy labels), appeals 
(e.g., requests to change behavior for humanity), and engagement (e.g., goal 
setting, implementation intentions) (Nisa et al., 2019). Thus, proximal and 
automatic behaviors can be an effective intervention focus.

Habits

There has been inadequate attention paid to habits in comparison with 
infrequent or one-off behaviors; more recent literature is finding that habits 
are powerful drivers of behavior. Habits predict and sustain behaviors be-
cause they are automatic (Whitmarsh et al., 2018). Habits and established 
behaviors are powerful because they are not easily influenced by values and 
norms (Cox et al., 2010; Miafodzyeva and Brandt, 2013), which can be 
both positive and negative. For example, as waste reduction has become 
relatively normative in most developed countries, social norms have become 
insignificant influencers in any context (Whitmarsh et al., 2018). Behavioral 
interventions aimed at altering habits have been less effective than inter-
ventions aimed at influencing one-off behaviors (Nisa et al., 2019). At the 
same time, interventions that have been successful in creating a new habit 
find that automatized behaviors are easier to sustain (Nisa et al., 2019). To 
form new habits, action repetition is needed, and this finding underscores 
the need for interventions that frequently reinforce or give feedback on ac-
tions (Nisa et al., 2019). 

How Drivers of Behavior May Differ over Time and Context

Context cues much of human behavior, and different motivations and 
barriers operate in different contexts, meaning that many actions are in-
consistent across different times and places (Nash et al., 2017; Whitmarsh 
et al., 2018). Some literatures indicate that grouping drivers and tailoring 
interventions by different contexts is more important than by sociode-
mographic groups (Cox et al., 2010; Whitmarsh et al., 2018). Similarly, 
behavioral drivers may differ over time, both societally and individually. 
However, little is known about how drivers may differ at different phases 
in the behavior change process (Samdal et al., 2017). 
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Differences between Drivers that Initiate and 
Those that Maintain Behavior

There are important differences in how behaviors are formed and sus-
tained and in how established behaviors are broken to form new behaviors 
(Miafodzyeva and Brandt, 2013). Interventions designed to help people 
initiate behavior may need to target different behavioral drivers than those 
that help people maintain behavior (Samdal et al., 2017). For example, 
once behaviors are established (e.g., recycling), they are less affected by 
such factors as social norms and expectations (Miafodzyeva and Brandt, 
2013). One systematic review of 100 theories of behavioral change found 
five explanations of the differential roles of motives: self-regulation, psycho-
logical resources, physical resources, contextual influences, and habits from 
initiation to maintenance (Kwasnicka et al., 2016). This review found that 
people need at least one sustained motivator to maintain a behavior change 
and that people will often initiate a change when motivation is high and ef-
fort is low. When motivation is reduced and effort or costs increase, people 
will often need some way to self-monitor in order to sustain the change, 
which can be challenging when other things in their lives are simultaneously 
occurring, such as stress, tiredness, other more precarious issues (such as 
finances). Thus, turning a new behavior into a habit can be advantageous 
because external factors (e.g., changes in motivation or effort) are less likely 
to affect the behavior. Stable contexts can make behavior maintenance 
easier (Kwasnicka et al., 2016). 

INTERVENTIONS

The literature on interventions was difficult to compare and contrast 
because of differences in terminology and how interventions were catego-
rized, but a number of topics were addressed across the six domains. This 
section summarizes research on key questions about intervention effective-
ness and some themes identified by researchers in these areas.

Intervention Approaches

Single or Combined Behavioral Interventions 

Consistent with the broader psychological literature, the vast major-
ity of the reviews found that behavioral interventions were only mildly to 
moderately effective on their own (Cox et al., 2010; Koop et al., 2019; 
Marteau, 2017; Thomson and Ravia, 2011; Varotto and Spagnolli, 2017). 

A review by Sweet and Fortier (2010) examined whether interventions 
focused on a single behavior (e.g., physical activity or diet) were more or 
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less effective than interventions focused on multiple behaviors (e.g., physi-
cal activity and diet) by reviewing meta-analyses and reviews. They also 
explored the differential effects of these interventions on weight outcomes. 
Notably, the analysis found that while single behavior interventions were 
more effective at improving the targeted behavior, multiple behavior in-
terventions produced greater weight loss even though they appeared to be 
less effective at changing the individual behaviors. The authors hypoth-
esized that this occurred because changing several behaviors at once in 
small, nonsignificant ways might add up to a greater overall effect. This 
result suggests that if a single behavior is the target that a single behavior 
intervention might be the most effective, but if the aim is to change more 
behaviorally complex outcomes, such as weight, multiple behavior interven-
tions might be more effective. Finally, while the samples were too small to 
draw conclusions, there may be differences in whether multiple behavior 
interventions introduce behavior changes simultaneously or sequentially 
(Sweet and Fortier, 2010).

Targeting One-Time or Single-Action Behaviors as Well as Habits 

Single-action behaviors may be less resistant to change as compared 
with habits and may be more effectively targeted by behavioral interven-
tions (Nisa et al., 2019). One-off actions (e.g., purchase of energy efficient 
appliance) have been found to have higher behavioral plasticity, meaning 
they are more likely to change in response to the application of effective 
intervention (Nisa et al., 2019). However, emerging evidence indicates that 
behavioral interventions can be better designed to target habits and habitual 
thinking by incorporating more regular and frequent delivery of informa-
tion or feedback, by providing specific tips or skills, or by disrupting exist-
ing habits to embed new habits (Cox et al., 2010). For example, behavior 
change techniques that facilitate self-regulation of behavior (e.g., goal set-
ting of behavior and self-monitoring of behavior) can be effective in helping 
people to both initiate and maintain dietary changes, while techniques that 
facilitate person-centered or autonomy supportive communication (e.g., 
problem solving, review of behavioral goals and receiving social support) 
are important to maintain behavior change (Samdal et al., 2017). Behavior 
change techniques that combine the “how to” (i.e., facilitate behavior self-
regulation, such as skills) with “the why” (i.e., addresses the underlying 
reasons for motivation) can reinforce both an individual’s competence and 
need for meaning, value, and satisfaction in order to change behavior (Sam-
dal et al., 2017). This finding is corroborated by other reviews that have 
indicated that successful weight management interventions are composed 
of an integrated mix of information, support, encouragement, progress 
monitoring, and feedback (Sharp et al., 2010). 
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Contextual or Environmental Factors as Barriers to Behavior Change

Contextual factors can support or override an individual’s desires and 
attempts to consume or waste less (Cox et al., 2010). Varotto and Spagnolli 
(2017) conducted a random-effects meta-analysis of 36 studies (1990-2015) 
reporting 70 psychological strategies to promote household recycling in the 
home environment: they found environmental alterations to be the second 
most effective strategy, after social modeling. Environmental alterations 
were described as modifying the existing physical environment, such as 
adding home equipment for waste sorting (Varotto and Spagnolli, 2017). 
The effectiveness of this strategy was attributed to the presence of envi-
ronmental cues that prompted behavior and minimized the effort required 
to implement the behavior. For example, the addition of bins can initiate 
behavior but the presence of bins in a neighborhood can increase awareness 
of a program and reinforce social norms. In a review of health communica-
tion campaigns, Snyder (2007) acknowledged the necessity to change other 
people or contexts in order to change the target population and explained 
that campaigns can vary in their use of communication strategies “to try 
to change the behavior of the target population, including strategies that 
attempt to change the political and economic context in which people are 
making decisions, those aimed directly at the populations, and those aimed 
at people who may have influence with the target population” (Snyder, 
2007, p. S35). Often, environmental changes are needed first, and cam-
paigns can serve the role of publicizing them or attempting to stimulate 
demand for a new option. 

A study by Whitmarsh et al. (2018) looking at behavioral consistency 
across contexts examined waste reduction behaviors at home, at work, and 
on vacation to determine whether consistency was a function of proenvi-
ronmental identity. The study found that the proportion of waste recycled 
at home was greater than that in the workplace or on holiday (67 percent, 
compared with 39 percent and 38 percent, respectively) and that repair and 
reuse behaviors were more common at home than at work. The prevalence 
of behaviors by context was consistent with the literature that describes 
work and vacation contexts as places when people are less motivated to 
act proenvironmentally or experience less control over barriers to behavior 
(Whitmarsh et al., 2018). Contextual factors and perceived behavioral 
control were found to be as important for predicting recycling behavior 
as motivational and normative factors. Recycling knowledge and personal 
norms predicted behavior. The authors concluded that proenvironmental 
identity was not a significant predictor of cross-contextual consistency 
(Whitmarsh et al., 2018, p. 10): 
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[T]hese findings suggest there are more barriers to waste reduction (recy-
cling and reuse) outside the domestic context than within it; and that con-
textual factors (e.g., facilities) are at least as predictive of waste reduction 
as individual factors . . . At the same time as there being considerable vari-
ation across contexts, though, we also see heterogeneity across behaviors: 
recycling is more common than other waste reduction behaviors . . . and 
apparently more transferable across contexts than repair/reuse behaviors.

Preventing Consumption in the First Place Compared with Promoting 
Reuse or Recycling 

Modern culture’s drive to consume and the fact that waste prevention 
behaviors lack the same visibility as such activities as recycling make pre-
venting overacquisition of items more challenging than reuse or recycling 
(Cox et al., 2010). In the recycling literature, one of the biggest barriers to 
household waste prevention was the fact that people often mistake recycling 
as waste prevention (Cox et al., 2010). Households are more likely to par-
ticipate in reuse than reduce behaviors (e.g., donation vs. avoidance) (Cox 
et al., 2010). Moreover, because waste prevention behaviors are often not 
visible, there are no descriptive or injunctive social norms to support this 
identity (Cox et al., 2010). Thus, the notion of tapping into an individual’s 
intrinsic identity around “ethic of care” for products, the environment, or 
wider society was highlighted as a generally successful way to raise par-
ticipation in the hidden behaviors of waste prevention (Cox et al., 2010).

Behavioral Boomerang or Rebound Effects 

The tendency when given feedback (e.g., social comparison) for individ-
uals that are performing better than average to increase their consumption 
is known as a “boomerang” or “rebound” effect (Andor and Fels, 2018). 
Andor and Fels (2018) performed a systematic review of causal studies and 
compared four behavioral economic intervention types on energy conser-
vation: social comparison, commitment devices, goal setting, and labeling. 
Only 1 study of 24 found a “boomerang effect.” However, this individual 
study also noted that this boomerang effect could be eliminated by adding 
an injunctive message (Schultz et al., 2007). Similarly, Gillingham et al. 
(2013) looked at the rebound effect of energy efficiency policies: “studies 
and simulations indicate that behavioral responses shave 5-30 percent off 
intended energy savings, reaching no more than 60 percent when combined 
with macroeconomic effects” (Gillingham et al., 2013, p. 476). Even when 
taking rebound effects into account, interventions can result in substantial 
change.
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Interventions Using Financial Strategies and Their Possible Moderation 
by Intrinsic Motivation

Financial interventions have been found to be more influential for 
behavior change than psychosocial behavioral interventions (Nisa et al., 
2019). Within the diet change literature, both taxation and subsidization 
were consistently found to influence dietary behaviors in the directions in 
which they were designed to work (i.e., subsidies increase consumption 
of healthier foods, taxes reduce purchases of less healthy foods) and to 
work well in tandem (Niebylski et al., 2015). In the research on residential 
solid waste management, studies have examined the effectiveness of fees to 
reduce residential solid waste disposal. Facing high costs for solid waste 
disposal and difficulties in locating new landfill and incineration sites, 
about one-quarter of U.S. communities charge a fee for residential solid 
waste collection (Skumatz, 2008). These programs, which are also known 
as pay-as-you-throw or unit-based pricing programs, shift the costs faced 
by the community to individual households and are intended to reduce total 
household disposal amounts. Given estimates that about 20 percent of land-
fill content is wasted food and food scraps (U.S. Environmental Protection 
Agency, 2015), such policies have immediate implications for community 
efforts to reduce wasted food within households. 

Bel and Gradus (2016) conducted a meta-analysis of 25 studies (1970–
2013) that estimated the responsiveness (i.e., elasticity) of household dis-
posal levels to the imposition of such fees. Across all studies, they found an 
average elasticity estimate of -0.34, that is, that a 10 percent increase in the 
price charged for solid waste collection led to a 3.4 percent reduction in the 
amount of waste collected. However, the responsiveness was significantly 
greater when fees were applied separately to compostable waste or when 
the price charged was based on the weight of the solid waste rather than 
on the number of bins or bags of waste from a household. This led Bel and 
Gradus (2016, p. 178) to summarize that “. . . a fee for compostable waste 
is . . . therefore highly effective,” while questioning the efficacy of imposing 
fees that did not vary with the weight of the material to be discarded. A key 
issue with imposing such fees is that residents may respond by disposing 
of materials outside the fee-based system. Fullerton and Kinnaman (1996) 
found that about 28 percent of the reduction in waste from a fee-based dis-
posal program in Charlottesville, Virginia, was actually being disposed of 
illegally through other outlets. However, Allers and Hoeben (2010) report 
the most municipalities that have imposed fee-based systems are generally 
satisfied with the system, suggesting illegal dumping is not a large enough 
issue to disillusion adopters. One important caveat to financial strategies 
may be that they can negatively affect intrinsic motivations. Prior studies 
have found that while household demand responds to price, price elasticity 
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can be low in the short term or counterproductive because it crowds out 
other more altruistic or prosocial motivations (Delmas et al., 2013).

Reflective (i.e., System 2) Interventions 

Reflective interventions aim at giving people information or appeal-
ing to their self-efficacy and rational decision making. Such interventions, 
designed to increase a person’s knowledge about reasons for performing a 
behavior or appealing to their self-efficacy, are insufficient to promote be-
havior change (Koop et al., 2019; Sharp et al., 2010; Thomson and Ravia, 
2011; Varotto and Spagnolli, 2017). However, reflective or information 
campaign interventions may promote behavior when people are motivated 
but do not know exactly how to implement a behavior (Varotto and Spag-
nolli, 2017). Samdal et al. (2017) corroborated these findings by concluding 
that behavior change interventions that combine motivation with opportu-
nity and ability can be effective in initiating and sustaining behavior change. 
Reflective interventions can reinforce an individual’s competence, as well as 
their need for meaning, value, and satisfaction in order to change behav-
ior. Further, Ma and Hipel (2016) pointed out that while public education 
interventions are insufficient to change societal behavior around municipal 
solid waste, they can represent a long-term path to societal consciousness. 
In order to shift societal norms, interventions might best be designed to 
change beliefs, motivations, and attitudes toward policies and programs 
rather than having a sole focus on behavior change (Ma and Hipel, 2016).

Semireflective Interventions for Long-Term Behavior Change

Social norms, framing, and tailoring  are categorized as semireflective 
interventions because they represent an individual’s attempt to use simple 
cues or rules about which choices should be made (Koop et al., 2019). In 
particular, normative messages are effective and repeating these messages 
can support long-term behavior change (Koop et al., 2019). The framing 
of messages appears to be important, and messages framed as suggestive, 
emphasizing direct impacts or real-time information, or that appeal to in-
trinsic motivation (e.g., conserve for the future) as opposed to extrinsic mo-
tivation (e.g., save water and reduce costs) are the most persuasive (Koop 
et al., 2019). In addition, messages of competitive peer ranks (i.e., social 
comparison) are more effective with low-consuming households than neu-
tral rank (e.g., average neighbor household consumption), which are more 
effective with high-consuming households (Koop et al., 2019). Personalized 
messages or those that reveal attitude behavior discrepancies also invoke 
behavior change (Koop et al., 2019).
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Automatic Interventions (i.e., System 1) 

Automatic interventions are those that use emotional cues, primes, and 
nudges to change behavior. Using emotional shortcuts, priming, and nudg-
ing are categorized as automatic because they represent automatic responses 
by people (Koop et al., 2019). Koop et al. (2019) found that while the use 
of emotional cues, primes, and nudges to stimulate domestic water con-
sumption has only been explored in small samples or short-duration stud-
ies, they show promise due to the amount of water savings they produced. 
Similarly, Nisa et al. (2019) conducted a meta-analysis of 83 randomized 
controlled trials (1976-2017) to explore the most effective mechanisms (i.e., 
choice architecture, social comparison, information, appeals, and engage-
ment) for promoting household action on climate change. While fewer in 
number, the strategies that had the highest effect sizes and showed the most 
promise were choice architecture (i.e., nudge) approaches. 

Social Influence Approaches 

Varotto and Spagnolli (2017) conducted a random-effects meta-analysis 
of 36 studies (1990-2015) reporting 70 psychological strategies to promote 
household recycling in the home environment. They found social modeling 
to be the most effective strategy, compared with environmental alterations, 
combined strategies, prompts and information, incentives, commitment, 
and feedback. The analysis found that social modeling, which was de-
scribed as the passing of information by people (e.g., block leaders, children 
to their parents) who also personally engage in the behavior, was effective 
because it engendered social norms. 

Abrahamse and Steg (2013) conducted a random-effects meta-analysis 
of 29 studies that used social influence approaches to improve resource 
conservation (e.g., energy savings and use, gas and electricity savings and 
use, showering time, water use, recycling). The results of the analysis found 
that, compared with control groups, social influence approaches were ef-
fective and that greater effect sizes were found with the block leader, public 
commitment, and modeling approaches and smaller effect sizes with group 
and socially comparative feedback and social norms in information and 
feedback provision approaches. The authors suggested that the approaches 
that were found to be more effective might be due to their face-to-face 
delivery mode, and they questioned whether this was cost-effective. The 
magnitude of the effect depended on the target group but not the type of 
proenvironmental behavior. Specifically, employees appeared to be the most 
affected by social influence approaches, followed by students, households, 
farmers, and hotel guests. 

http://www.nap.edu/25876


A National Strategy to Reduce Food Waste at the Consumer Level

Copyright National Academy of Sciences. All rights reserved.

276 NATIONAL STRATEGY TO REDUCE FOOD WASTE

Andor and Fels (2018) performed a systematic review of 44 causal-
effect studies and compared 4 behavioral economic intervention types on 
energy conservation: social comparison, commitment devices, goal setting, 
labeling. The authors found that social comparison interventions were the 
most effective (ranging from 1.2 to 30 percent reduced energy consump-
tion) as well as the most researched, both in terms of quantity and quality. 
Social comparison interventions appeared to differ in effect on the basis 
of the mode of delivery, with online or in-home displays being more effec-
tive than letters. Nisa et al. (2019), in a meta-analysis of 83 randomized 
controlled trials to explore the most effective mechanisms for promoting 
household action on climate change, found social comparisons to be the 
second most effective approach for behavior change after choice architec-
ture (i.e., nudges). 

Despite these supportive findings of social influence approaches, there 
may be implementation challenges, such as whether such a strategy can be 
consistently scaled in areas with low social connectedness or where block 
leaders are unavailable (Varotto and Spagnolli, 2017).

Feedback Approaches

Giving people information about their behaviors that they can use to 
modify future actions could be effective and engaging ways to alter behav-
ior. Delmas et al. (2013) performed a meta-analysis of 156 information-
based energy conservation trials in residential settings (1975-2012) and 
found that nonmonetary, information-based approaches can be effective 
for reducing energy usage. Information strategies included in the analysis 
were savings tips, energy audits, different forms of energy use feedback, 
and monetary feedback. They found that, on average, individuals in the 
trials reduced their electricity consumption by 7.4 percent. In general, 
individuals receiving real-time feedback or experiencing high involvement 
interventions, such as home energy audits, reduced their electricity use, and 
individuals receiving lower-level information or less intensive feedback, 
such as energy saving tips or individual usage feedback and comparative 
feedback, did not. 

Karlin et al. (2015) performed a meta-analysis on the effectiveness of 
feedback intervention studies in residential settings for conserving energy, as 
well as how they vary by the treatment moderators of frequency, medium, 
measurement (e.g., cost or carbon), combination with other interventions, 
comparison message, granularity, and duration. Feedback resulted in an 
average energy savings of 12 percent across studies, which was consistent 
with prior research that found a range of 8 to 12 percent (Karlin et al., 
2015). Variables that moderated this effect included medium, comparison 
message, duration, and combination with other interventions (e.g., goal, 
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incentive), while feedback frequency, granularity, and medium did not. 
More engaging mediums (e.g., computer) appeared more effective than less 
engaging mediums (e.g., a utility bill). Studies using goal-based compari-
sons showed significant effects compared with controls, while social and 
historical comparisons did not. The authors underscored the relevance of 
this finding because the use of social comparisons is the most commonly 
used type of feedback by industries, such as public utilities. Users’ attention 
to feedback can vary over the duration the feedback is provided, with users 
generally engaging more initially and then less over time. At the same time, 
longer durations of feedback may be necessary to allow habits to be created 
and maintained. Finally, feedback was most effective when it was combined 
with goal-setting or external incentive interventions.

Promoting Healthy Behaviors Compared with Reducing  
Unhealthy Behaviors

Carrero et al. (2019) conducted a meta-analysis of 70 interventions to 
assess the efficacy of implementation intention interventions for promot-
ing healthy eating behaviors. Implementation intention interventions are 
defined as “volitional planning interventions that support the realization of 
goal intentions by delegating the control of goal-directed responses to an-
ticipated situation cues that elicit these responses automatically” (Carrero 
et al., 2019, p. 239). For example, using if-then plans to detail where, when, 
and how one intends to behave in a future situation. These interventions 
are less effective at reducing unhealthy behaviors (e.g., eating less fat) and 
more effective when promoting healthy eating behaviors (e.g., eating more 
fruit), possibly because of the challenge of breaking a habit compared with 
initiating a new behavior (Carrero et al., 2019). Moderators for unhealthy 
and healthy eating goals differed. For unhealthy eating, plan formulation 
was the only significant moderator variable and implementation inten-
tion interventions had low efficacy regardless of intervention design. The 
variable plan formulation indicated that when these plans were designed 
only to avoid the unhealthy food, they were less effective than when they 
were planned with an alternate positive action in mind. For healthy eating, 
moderator variables explained 53 percent of the variance; effect size was 
negatively predicted by age, with younger people having more favorable 
outcomes than older people. It was also affected by an implementation 
intention check, meaning that an instructor checking the plans reduce the 
intervention’s efficacy. Effect sizes were positively predicted by initial train-
ing, off-line delivered interventions, and specific if-then plans and action 
plans, in comparison with more complex plans. 

http://www.nap.edu/25876


A National Strategy to Reduce Food Waste at the Consumer Level

Copyright National Academy of Sciences. All rights reserved.

278 NATIONAL STRATEGY TO REDUCE FOOD WASTE

Communication Campaigns Aimed at One-Time  
or Infrequent Behaviors

In a narrative review on how health communications campaigns affect 
behavior, Snyder (2007) described the overall impact of communication 
campaigns and some of the most important lessons learned from prior 
health campaigns in terms of campaign planning (i.e., goals and strategies 
of the campaigns). The review found that, on average, health campaigns 
can positively affect outcomes in interventions communities by about 5 
percent and have an average reach of 40 percent of their target popula-
tions. Short-term and intense campaigns with more frequent exposures 
resulted in greater short-term effects. In general, campaigns that promoted 
the adoption of new or replacing an old behavior with a new behavior or 
a change in an infrequent or one-time behavior were more successful than 
campaigns aimed at a habit, such as stopping an unhealthy behavior already 
in practice, or preventing initiation of risky behaviors. 

Gamification Interventions 

In an interesting systematic review of the use of gamification and seri-
ous games on domestic energy consumption, Johnson et al. (2017) system-
atically reviewed 26 studies to assess the potential of using well-designed 
digital games to change energy consumption behavior. Serious games were 
defined as “fully fledged games (e.g., a digital role-playing game in which 
the player completes challenges or quests designed to educate them about 
nutrition), while gamification refers to the application of parts of games in a 
non-game setting (e.g., a mobile phone app designed to track and encourage 
exercise that uses levels, points, and badges” (Johnson et al., 2017, p. 249). 
While differing widely in methodology, intervention design and framework, 
and disciplinary focus, the studies found that applied games had a posi-
tive effect on behavior or behavioral antecedents. Two high-quality stud-
ies in the sample compared different gaming elements, such as feedback, 
challenges, social sharing, rewards, leaderboards, and points, and found 
that competition and social sharing showed effectiveness for encouraging 
participants to adopt specific behaviors. Only two high-quality studies 
looked at cognitive outcomes; they both found positive changes in attitudes 
toward and awareness of energy consumption. Several studies in the sample 
reported improvements in general but not specific energy consumption and 
conservation knowledge. Interestingly, the games appeared to have led to 
improvements in self-reported and actual energy conservation behavior in 
the short term. The authors concluded that while these initial studies were 
far from conclusive, the use of applied games holds promise for positively 
impacting energy consumption. 
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Applying Research Findings to Intervention Design

Researchers across the six domains have begun to identify ways to ap-
ply their findings about the nature and operation of interventions to provide 
broader guidance to intervention designers. This section summarizes the 
support for some key ideas.

Targeting Multiple Behaviors Using Multiple Approaches

Based on their analyses, several authors concluded that the best ap-
proach to behavior change was a comprehensive approach that combined 
behavioral interventions with other approaches such as partnerships with 
influential organizations, social marketing programs, economic incentives, 
regulations, or technology (Cox et al., 2010; Koop et al., 2019; Niebylski et 
al., 2015; Nisa et al., 2019; Sharp et al., 2010; Thomson and Ravia, 2011). 
Nisa et al. (2019) underscored that behavioral interventions would not be 
enough because of the low behavioral plasticity of most behaviors and rec-
ommended that behavioral interventions might be more effective when used 
in combination with other strategies, such as financial incentives or policy 
regulations. For example, financial incentives might initiate behaviors but 
then be reinforced by behavioral strategies. Or, interventions could be se-
quenced to initiate with motivating, eye-catching strategies (e.g., financial 
incentives, social marketing) and move to or add on more information-
based strategies to reinforce change (Nisa et al., 2019). Cox et al. (2010) 
emphasized that interventions are a part of wider social, institutional, and 
political conditions. Ma and Hipel (2016) explained that successful inter-
ventions should also involve all stakeholders (e.g., government, private 
sector, nongovernmental organizations, the informal economic sector), all 
factors (e.g., economic, environmental, and social), and incorporate public 
participation. An integrated range of intervention tools and partnerships 
can effectively make collective and cumulative impacts (Koop et al., 2019; 
Sharp et al., 2010).

Comprehensive Interventions 

Many studies recommended the development of more comprehensive 
and conjunctive approaches that address intrinsic and extrinsic motivation, 
opportunity, and ability; appeal to both rational and emotional processes; 
and use a systems approach. The goal is to address the complexities of 
influences on targeted outcomes. As Geiger et al. (2019) explained, the ap-
plication of several theories of behavior change are needed simultaneously 
in order to account for the variety of individual costs and benefits and nor-
mative and environmental concerns that play a role in explaining behavior, 
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illustrating the need for an integrated approach. Cox et al. (2010, p. 211) 
concurred: “[N]o single approach is sufficient on its own, rather a ‘hybrid’ 
method using a suite of monitoring approaches” and recommended that 
behavior change interventions be composed of a suite of interventions and 
measures that are needed simultaneously to facilitate and evaluate change. 

Koop et al. (2019) recommended conjunctive use of reflective, semire-
flective and automatic tactics (i.e., reasoned, rational, and emotional pro-
cesses) to influence behavior, such as persuasive technologies. In particular, 
the authors recommended interventions that consisted of repetitive mes-
sages, primes, and nudges that reinforce previously introduced normative 
messages, tailored feedback and knowledge. They found that knowledge 
transfer is only meaningful when people know they can change their be-
havior and consider it feasible and when tailored feedback is reinforced by 
repetition, social norms, and message framing (Koop et al., 2019). Mia-
fodzyeva and Brandt (2013) proposed a framework for effective recycling 
interventions that combined the moral reasons and environmental concerns 
of the household with the awareness and knowledge of recycling programs 
and the removal of any major convenience barriers. Snyder (2007, p. S38) 
concluded that “a comprehensive strategy that addresses policy and envi-
ronmental constraints, individual factors in behavior change, and social in-
fluences on the target population should be considered.” In a meta-analysis 
by Maki et al. (2019) on proenvironmental behavior spillover, the authors 
found that positive spillover was most likely when interventions target 
intrinsic motivation. 

Interventions that Are Tailored by Context, Phase, and Segment

One study recommended segmenting audiences by context or behavior 
rather than by demographic group in order to target messages and recom-
mendations, such as “targeting by behavior, actual and perceived risk, 
misinformation and beliefs, environmental barriers, and communication 
patterns” (Snyder, 2007, p. S35) Another study suggested that large-scale 
strategies can be implemented without need for tailoring as long as context 
was at the forefront (Geiger et al., 2019). One author underscored results 
showing that implementation intentions (i.e. planning interventions that 
support the realization of goal intentions) interventions are more effective 
in young adults—a time when there is a marked increase in initiation and 
maintenance of habits (Carrero et al., 2019).
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Measuring both Isolated and Combined Effects of Different  
Behavioral Strategies

There is value in trying to understand both isolated and combined 
effects of different behavioral strategies (Nisa et al., 2019). In addition, 
interventions that are well designed to account for intermediate and out-
come variables can best assess how a combination of variables adds up to 
reach an impact (Miafodzyeva and Brandt, 2013). For example, how im-
proving recycling facilities and giving bins to homes interacts to strengthen 
attitudes and perceived behavioral control (Geiger et al., 2019). Belogianni 
and Baldwin (2019) emphasized the need to measure actual behaviors over 
intentions and that changes in intermediate variables, such as knowledge, 
self-efficacy, and attitude, were important for understanding the mecha-
nisms of behavior change. 

Increased Study Duration to Track Maintenance

More understanding is needed of how to prolong and reinforce newly 
formed habits (Koop et al., 2019). Future studies should be of longer du-
ration in order to maintain and monitor behavior change (Fjeldsoe et al., 
2011). Fjeldsoe et al. (2011) conducted an interesting systematic review 
examining the effect of physical activity and dietary intervention trials 
on behavior maintenance (n = 29), with maintenance defined as “a physi-
cal activity, dietary or combined intervention trial that was considered to 
demonstrate maintenance of behavior change if a statistically significant 
between-groups difference in favor of the intervention group was reported 
at end-of-intervention and at follow-up for at least one behavioral out-
come” (Fjeldsoe et al., 2011, p. 102). After a minimum of 3 months post-
intervention, Fjeldsoe et al. (2011) noted several interesting findings. First, 
of the 157 trials initially examined, only 35 percent included behavior 
maintenance outcomes. Second, of the 29 trials that included maintenance 
outcomes, participants in 72 percent of studies achieved maintenance of at 
least one outcome, and 38 percent achieved maintenance on all outcomes. 
In addition, trials with retention rates of greater than 70 percent were less 
likely to achieve maintenance than those with lower retention rates. Longer 
duration trials (more than 24 weeks) were more likely to achieve mainte-
nance, as were trials that included face-to-face contact, used more than six 
intervention strategies, and included follow-up prompts after the main part 
of the intervention to reinforce intervention content.
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Readiness for Scaling Up

A few studies cautioned against scaling up before understanding more 
about which strategies affected which behaviors and outcomes because of 
the costs of large-scale interventions, particularly face-to-face interventions 
(Abrahamse and Steg, 2013; Andor and Fels, 2018). Nisa et al. (2019) il-
lustrated the reduced effects on behavior that occur when an intervention 
is scaled up to the general population. Andor and Fels (2018) described the 
interventions in their analysis as potentially combining too many strategies, 
which made it difficult to discern the “pure effects” that should be scaled 
up. These authors recommended the practice of performing impact evalu-
ations prior to rolling out policy or large-scale interventions. Sweet and 
Fortier (2010) recommended that it would be useful to understand whether 
strategies should be deployed simultaneously or sequentially. 

Positive or Negative Messaging 

Carrero et al. (2019) recommended that policy makers avoid negatively 
framed policies. Cox et al. (2010) and Sharp et al. (2010) discussed how 
tapping into a culture or ethic of care was more important than aligning 
with “green” behavior. And Li et al. (2019) described that focusing on the 
positive benefits of a particular behavior could bring higher place attach-
ment and improve quality of life. 

SUGGESTIONS FOR FURTHER STUDY

Researchers in the six domains have made suggestions for further study 
on behavioral change, covering a wide range of topics: habits, interventions 
on contextual factors, understanding why interventions work, equity, the 
generalizability of interventions, the persistence of intervention effects over 
time, the dearth of effectiveness studies in comparison with efficacy stud-
ies, better study design to track pathways, the need for more cross-context 
understanding, evaluation studies, and cost-effectiveness studies.

Not enough is known about habits. More understanding is needed 
about habits, such as how habits differ from more one-off and infrequent 
behaviors, how to undo old and create new habits, how to prolong and 
reinforce newly formed habits, and how interventions may differ between 
those that target one-off and infrequent behaviors and those that target 
habits (Koop et al., 2019). 

Interventions targeting contextual factors are underrepresented. Link-
ing the drivers-based evidence with the intervention-based research is 
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challenging as some determinants and interventions (e.g., contextual) are 
systematically underrepresented and some are widely covered (e.g., psycho-
logical: motivation, information and knowledge, beliefs/perception, social 
influence) (Koop et al., 2019; Nisa et al., 2019; Varotto and Spagnolli, 
2017).

The vast majority of existing interventions illuminate whether spe-
cific interventions work but not why. Many meta-analyses and systematic 
reviews found that relatively few studies included measures of behavioral 
antecedents, such as social norms, attitudes, or knowledge, and thus could 
not explain why an intervention worked or what it changed, only whether 
it worked (Abrahamse and Steg, 2013; Abrahamse et al., 2005). Both the 
“how to” and the “why” are important in learning how to design an ef-
fective intervention that includes techniques to both initiate and maintain 
behavior change (Samdal et al., 2017).

Few studies addressed equity or equity components. Few studies in-
cluded measures of outcomes or discussions related to equity. In one of the 
only studies to do so, Ma and Hipel (2016) conducted a systematic litera-
ture review on municipal solid waste management to understand the social 
dimensions of that management. The review highlighted that the negative 
effects of solid waste were inequitably distributed among populations and 
that more vulnerable populations often bear the negative consequences of 
being near or able to see waste sites. This inequity means that more vulner-
able populations often have to advocate for waste management and often 
do not gain traction because it is not a problem equally experienced by 
all. For example, in many cases more vulnerable populations were more 
exposed to the environmental contamination of solid waste disposal and 
while this affected their awareness and attitudes, it did not affect other 
societal strata in the same way. In addition, these populations lacked the 
agency to change. 

Little is known about the extent to which interventions are generaliz-
able to large-scale populations. Most studies mention the challenges of 
generalizability in terms of the extent to which findings from a behavioral 
intervention implemented in a specific (geographical, cultural, and behav-
ioral) context can be transferred to a different population. In particular, 
there is a question about whether the small-scale experiments that often 
show bigger effects can be effectively scaled up and at what cost (Sharp 
et al., 2010). In a meta-analysis by Nisa et al. (2019), when interventions 
were restricted to more generalizable studies (i.e., those with large samples 
and naïve subjects), the expected probability was reduced to 2-3 percent, a 
reminder that experimental intervention effects will be more tempered when 
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applied to a general population. These authors recommended conducting 
trials in large samples with naïve populations or restricting subanalyses 
within systematic reviews to large, naïve samples to understand how effect 
sizes might be lowered in more general populations.

Little is known about how intervention effects persist over time. Little 
is known about the long-lasting effects of interventions over time (Abra-
hamse and Steg, 2013; Koop et al., 2019; Nisa et al., 2019; Snyder, 2007; 
Varotto and Spagnolli, 2017). Future research is needed to understand 
which behaviors can be sustained and which interventions stand the test of 
time (Belogianni and Baldwin, 2019; Niebylski et al., 2015). 

The literature has efficacy studies but is remiss in effectiveness studies. 
Literature in all the domains was largely focused on the efficacy of behavior 
change interventions but not effectiveness (Bowen et al., 2015). There is an 
over-emphasis in these studies on whether an intervention is successful, but 
not why (Abrahamse and Steg, 2013).

Better study designs are needed for parsing impact pathways. More 
sophisticated study designs are needed that allow for the parsing of study 
variables (e.g., behaviors, outcomes) so one can learn what can be expected 
from different approaches and different strategies within these approaches. 
The majority of current research does not evaluate behavior constructs or 
how they influence intervention efficacy and therefore best practices can-
not be identified (Sweet and Fortier, 2010; Thomson and Ravia, 2011). 
Most meta-analyses and systematic reviews mentioned the need for a better 
understanding of the particular pathways of change. For example, how be-
havior change pathways differ for initiation versus maintenance, for one-off 
or infrequent behaviors versus habits, and for forming new habits versus 
breaking old habits, as well as for impact patterns, change over time, and 
how variables interact with one another. 

There is not enough cross-context understanding. There needs to be a 
better understanding of behaviors and outcomes across contexts. There are 
different motivations and barriers operating in different contexts, and no 
single model will transfer across contexts (Whitmarsh et al., 2018). These 
differences are nuanced. For example, recycling is more common and more 
transferable across contexts than behaviors aimed at reducing, repairing, 
and reusing, and there are more barriers to waste reduction (i.e., recycling 
and reuse) outside the domestic context than within it (Whitmarsh et al., 
2018). 
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Evaluation studies of intervention implementation are needed. There 
is a need for formative research, monitoring research, and evaluative re-
search to design, monitor implementation, and evaluate how implementa-
tion affects impacts (Snyder, 2007).

Cost-effectiveness studies are needed. There was a common call among 
researchers for better understanding of the costs of interventions at scale 
(Snyder, 2007).
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focuses on ethical influence training, corporate keynote programs, and the 
Cialdini method certified trainer program. He has held visiting scholar ap-
pointments at Ohio State University, the University of California, the An-
nenberg School of Communications, and the Graduate School of Business 
of Stanford University. His research is devoted to the science of influence 
and its contributions to the fields of persuasion, compliance, and negotia-
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distilled research on why people comply with requests. He has a Ph.D. in 
social psychology from the University of North Carolina. 

Cait Lamberton is Alberto I. Duran Presidential Distinguished Professor of 
Marketing at the University of Pennsylvania’s Wharton School of Business. 
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and is currently a team scientist at the University of Pennsylvania’s Behav-
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food manufacturers and financial services firms. She was identified as one 
of the 25 most productive marketing scholars in the world by the American 
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of the American Marketing Association, the Hunt/Maynard award of the 
Journal of Marketing, and the Lazaridis prize for her work on digital and 
social media, also from the Journal of Marketing. She has a B.A. in English 
literature from Wheaton College and an M.B.A. and a Ph.D. in business 
administration and marketing from the University of South Carolina. 

Laura C. Moreno is a recent graduate of UC Berkeley’s doctoral program 
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holds in the United States with a focus on measurement and behavior; how 
food becomes “waste” within the broader contexts of the food system, 
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level measurement in the United States, and with Oregon Department of 
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gon households. Previously, she worked as an environmental scientist at the 
U.S. Environmental Protection Agency, focusing on reducing organic waste 
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Ph.D., she has a B.S. in conservation and resources studies and a Master’s 
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award of the American Psychological Society and the distinguished senior 
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Award from the American Psychological Association. He has a Ph.D. in 
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Jennifer J. Otten is an associate professor and food systems director in the 
Department of Environmental and Occupational Health Sciences, a core 
faculty member in the Nutritional Sciences Program at the University of 
Washington School of Public Health, and co-director of the university’s 
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opportunity and state and local government strategies for managing food 
waste; and on understanding and improving the ways in which research 
reaches public policy forums. Previously, she served in various capacities 
for the Institute of Medicine (now the Health and Medicine Division) of 
NASEM, including as a study director and as the organization’s first com-
munications director. She has a B.S. in nutritional sciences from Texas 
A&M University, an M.S. in nutrition communications from Tufts Univer-
sity, and a Ph.D. in animal, nutrition, and food sciences from the University 
of Vermont. 
 
Brian E. Roe is the Van Buren professor and associate chair of the De-
partment of Agricultural, Environmental and Development Economics at 
Ohio State University. He works broadly in the areas of agricultural and 
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ecosystem feedbacks in the Western Lake Erie basin, including understand-
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programs. He also helped form and currently leads the Ohio State food 
waste collaborative, a collection of researchers, practitioners, and students 
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University of Wisconsin-Madison and a Ph.D. in agricultural and resource 
economics from the University of Maryland-College Park. 
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in finance and English from James Madison University, an M.A. in English 
from West Virginia University, and an M.P.A. and a Ph.D. in public admin-
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Appendix G

Glossary

Ability (to prevent food waste): A person’s proficiency at solving the prob-
lems encountered when performing actions that help prevent food waste. 
Relevant aspects of ability are knowledge and skills (Van Geffen et al., 
2016).

Appeals: A type of intervention to change behavior for the social good 
(environment, other humans, etc.) where messages are provided contain-
ing statistics, factors, narratives, but also possibly normative or descrip-
tive content, including explicit persuasive framing and behavior change 
prompts with the intention of changing behavior. Appeals can be explicit 
(ask individuals directly to act) or implicit (give motivational factoids or 
information).

Behavioral plasticity: The capacity and degree to which human behav-
ior can be altered by environmental factors such as learning and social 
experience. In theory, a higher degree of plasticity makes an organism 
more flexible to change, whereas a lower degree of plasticity results in an 
inflexible behavior pattern.

Behaviors: An individual, group, organization or system’s external reactions 
to both internal factors and external stimuli in its environment.

Built environment: Refers to the human-made environment that provides 
the setting for human activity, ranging in scale from buildings to cities and 
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beyond. It has been defined as “the human-made space in which people live, 
work and recreate on a day-to-day basis” (Roof and Oleru, 2008). 

Choice architecture: A type of intervention that influences behavior by re-
moving external barriers, expediting access, or altering the structure of the 
environment in which people make choices. They are usually designated as 
nudges. There are many different types of nudges, such as those that shift 
perception of the quantity of food (e.g., changing plate sizes), those that 
shift perceived appeal or quality of the food (e.g., increasing the appeal of 
healthy foods) and nudges to shift behaviors to what is easier (e.g., offering 
healthy food in a cafeteria at the beginning of the line). 

Cognitive processing: Ability to take in information and transform it, store  
it, recover it, and put it to work. “Reflective processing” refers to conscious 
processing of information where attitudes are formed in light of rational 
arguments, relevant experiences, and knowledge. Tactics for interventions 
that appeal to this type of processing include knowledge transfer designed 
to increase self-efficacy. “Semireflective processing” refers to the formation 
of attitudes through rules of thumb and simple heuristics or cues. Tactics 
for interventions that appeal to this type of processing include those focused 
on social norms, framing, and tailoring. “Automatic processing” refers to 
choices made on the basis of an automatic response, without the interven-
tion of cognition. Tactics for interventions that appeal to this type of pro-
cessing include emotional shortcuts, priming, and nudging.

Context: The circumstances, conditions, or objects by which one is 
surrounded.

Contextual factors: Characteristics unique to a particular group, commu-
nity, society, or individual. These factors include, but are not limited to, per-
sonal, social, cultural, economic, and political factors that exist in differing 
ways and have varying impacts across population groups.

Descriptive social norm: Informal rules that describe the perception of what 
most people do.

Driver: The factors that may either promote or mitigate the amount of 
food they discard. Includes causal factors; those that may be statistically 
correlated; and “intervening factors,” which are sometimes called “media-
tors” or “moderators” that help to explain causal pathways. In addition, 
drivers can include both the presence of factors that tend to promote a given 
behavior, such as, in the case of food waste, large portion sizes offered at 
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restaurants, and the absence of factors that discourage a behavior, such as 
lack of knowledge of the negative consequences of an action.

Efficacy: Efficacy is the extent to which an intervention produces the desired 
results under ideal circumstances.

Effectiveness: Effectiveness is the extent to which an intervention produces 
the desired results when provided under the usual circumstances or real 
world environment.

Engagement: A type of intervention that creates involvement or commit-
ment by cueing individuals (e.g., via goal setting or commitments) toward 
active psychological interaction with the focal content. 

Equity: The absence of avoidable, unfair, or remediable differences among 
groups of people, whether those groups are defined socially, economically, 
demographically, geographically, or by other means of stratification.

Exhortation: Synonymous with advice: “a form of relating personal or in-
stitutional opinions, belief systems, values, recommendations or guidance 
about certain situations relayed in some context to another person, group 
or party often offered as a guide to action and/or conduct.” (Bonaccio and 
Dalal, 2006).

Feedback: A type of intervention where individuals are given information 
about their behaviors such that this information can be used to modify 
future actions. Feedback interventions are often effective to alter behavior 
(Delmas et al., 2013).

Financial incentive (or economic incentive): A type of intervention offer-
ing financial motivations for people to take actions. Examples are taxes, 
changes in monetary rewards or prices that make someone alter behavior.

Food literacy: A set of knowledge and skills that help people with the daily 
acquisition, preparation, consumption, and storage of healthy, tasty, afford-
able meals for themselves and their families.

Framing: Selecting and emphasizing certain aspects to achieve a desired 
interpretation by using unconscious biases in information processing (Koop 
et al., 2019).

Gamification: The use of parts of games (e.g., a digital role-playing game 
in which the player completes challenges or quests designed to educate 
them about nutrition) in a non-game setting, such as an app designed to 
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track a behavior by using points and badges (Johnson et al., 2017). As an 
intervention type, gamification could be considered either an engagement 
(i.e., it prompts people to set goals and then captures goal pursuit behavior) 
or feedback (i.e., feedback that is given a hedonic, motivational structure 
through the addition of incentives).

Habits: Context-behavior associations in memory that develop as people 
repeatedly experience rewards for a given action in a given context. Ha-
bitual behavior is cued directly by context and does not require supporting 
goals and conscious intentions (Mazar and Wood, 2018).

Injunctive messages: Communications that tell actors what to do or avoid 
doing in a given context; also called prescriptive messages (Winter et al., 
2000).

Information interventions: A type of intervention where messages are of-
fered containing statistics, facts, or narratives, but without explicit persua-
sive framing or behavior change prompts. For example, statistics about 
amounts of food waste or their impacts.

Injunctive social norm: Informal rules that describe the perception of what 
most people approve or disapprove (Cialdini et al., 1991).

Intention: An anticipated outcome that is intended or that guides your 
planned actions.

Intervention: An intervention is a combination of program elements or 
strategies designed to produce behavior changes among individuals or an 
entire population. Interventions that include multiple strategies are typically 
the most effective in producing desired and lasting change. For this report, 
the committee categorizes interventions into information, appeals, engage-
ment, social comparison/social influence approaches, and choice architec-
ture/nudges, feedback approaches, financial incentives (Nisa et al., 2019).

Knowledge: Familiarity, awareness, or understanding of someone or some-
thing, such as facts, information, descriptions, or skills, which is acquired 
through experience or education by perceiving, discovering, or learn-
ing. Knowledge can refer to a theoretical or practical understanding of a 
subject.

Licensing effect: A case where a prior normatively desirable behavior boosts 
people’s self-concepts, thus reducing negative self-attributions associated 
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with subsequent behaviors that may not align with norms (Khan and Dhar, 
2006).

Moral norms: Informal rules establishing that something aligns with an 
abstract right or wrong.

Motivation (to prevent food waste): A person’s willingness to perform ac-
tions that reduce the likelihood or amount of food waste being generated. 
Relevant aspects of motivation are attitude, awareness, and social norms 
(Van Geffen et al., 2016). 

Norms: Informal rules that govern behavior in groups and societies. Norms 
in this context refers to moral norms (i.e., when people feel that doing 
something aligns with an abstract right or wrong), injunctive social norms 
(i.e., feelings about what one ought to do), and descriptive social norms 
(i.e., perceptions of what most people are doing) that are strongly corre-
lated with behavior.

Nudge: A modification of the way choices are presented (choice architec-
ture) that influences behavior by such means as removing external barri-
ers, expediting access, or altering the structure of the environment. In the 
context of food waste, a nudge might, for example, shift perception of the 
quantity of food (e.g., changing plate sizes); shift the appeal or quality of 
food (e.g., increasing the appeal of healthy foods); or make a behavior 
easier (e.g., offering healthy food in a cafeteria at the beginning of the line). 
Nudges may involve relatively small amounts of economic value—those 
that do not substantially change one’s economic position or power, but 
that may cue a feeling of loss or gain that is disproportionate to the actual 
loss or gain experienced. Economic incentives, by contrast, are explicitly 
intended to shape behavior by changing one’s economic position or power 
in consequential ways.

Opportunity (to prevent food waste): The availability and accessibility of 
materials and resources required to prevent food waste. Relevant aspects 
of opportunity are time and schedule, material and technologies, and eco-
nomic and other contextual factors, material and technologies, policy, and 
infrastructure (Van Geffen et al., 2016).

Personal value: Internalized cognitive structures that guide choices by evok-
ing a sense of basic principles of right and wrong, a sense of priorities, and 
a willingness to make meaning and see patterns (Oyserman, 2015).
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Practices: Practices are broadly recognizable activities or groups of behav-
iors such as throwing out food, cooking food, wasting food, or shopping 
for food. Behavior focuses on the individual; practices focus on the activi-
ties and the groups of behaviors (Lee and Soma, 2016).

Priming: The exposure to one stimulus—such as words or a smell—influ-
ences a response to a subsequent stimulus. Unconsciously processed cues 
(primes) can lead to goal-directed cognition and behavior (Koop et al., 
2019). 

Proenvironmental identity: The extent to which people indicate that envi-
ronmentalism is a central part of who they are.

Punishment: Linking a behavior to any consequence that decreases the be-
havior’s rate, frequency or probability. Punishment needs to be tailored to 
the individual, group, or organization, to follow the behavior in time, and 
to be seen as a consequence of the behavior. Punishment should be avoided 
because of negative side effects. If used, emphasis should be on positive 
reinforcement.

Regulations: A rule or directive made and maintained by an authority.

Self-efficacy: A person’s estimate or personal judgment of his or her own 
ability to succeed in reaching a specific goal, for example, quitting smoking 
or losing weight, or a more general goal, for example, continuing to remain 
at a prescribed weight level.

Skills: A subset of ability that reflects the use of one’s knowledge effectively 
and readily in execution or performance.  For example, a person needs the 
skills to integrate knowledge about preventing food waste into their daily 
life and into their current food management behaviors. 

Social comparisons: A type of intervention that provides a comparative 
reference with respect to the behaviors of others, such as neighbors, col-
leagues/friends or fellow citizens, based on principles of social influence and 
social comparison. These principles explain how individuals evaluate their 
own opinions and abilities by comparing themselves to others in order to 
reduce uncertainty in these domains, and learn how to define the self.  

Social marketing: The adaptation of commercial marketing technologies to 
programs designed to influence the voluntary behavior of target audiences 
to improve their personal welfare and that of the society of which they are 
a part (Andreasen, 1994).
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Social modeling: Learning that occurs by observing others’ behavior, also 
known as social learning. This behavior forms an idea of how new behav-
iors are performed, and on later occasions, this coded information serves 
as a guide for action (Bandura, 1962). 

Societal values: Norms, priorities, and guidelines, which describe what 
people ought to do if they are to do the “right,” “moral,” “valued” thing, 
specifically as held by a group or community; scripts or cultural ideals held 
in common by members of a group; the group’s “social mind.” (Oyserman, 
2015).

Strategy: In general, a plan of action or policy designed to achieve a major 
or overall aim. In behavioral science, strategies are combined into a specific 
intervention to produce behavior changes among individuals or an entire 
population.
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